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Linking Transportation Policy Questions and Research Focus Areas 

The final output of this Workplan is a set of priority research pro.jects. The projects are intended to fill 
PM research gaps that are most critical to the transportation community. Within the Workplan. the priori- 
ty projects are categorized according to five broad research focus areas (n~onitoring. characterization. 
transportation sources, modeling. and control strategies) and how they address four key transportation 
policy questions. By linking research focus areas to resolution of key transportation policy questions. 
implementation of the Workplan will facilitate development of information. tools. and approaches that 
transportation agencies can use to handle emerging issues related to the new PM standards. 

Transportation Policy Questions 

In the coming years, two critical policy issues for transportation agencies in PMg -. . and PMlo nonattain- 
ment areas will be developing appropriate transportation control strategies and demonstrating "conformi- 
ty" of transportation plans. Their ability to carry out these activities. however. is constrained by gaps in 
knowledge and a lack of tools. Addressing these and other issues will require resolution of four policy 
questions: 

b What areas will be in nonattainment'? 
b What kind of problem is PM: local. regional or both'? 
b What is the transportation contribution to PM? 
b What are the most cost-effective control strategies for transportation sources'? 

These four questions provide a framework for undertaking the priority projects in the Workplan. first by 
determining where PM is a problem and where the problem is coming from. and then by developing 
effective transportation control strategies. 

Research Focus Areas 

Focus Area One: Monitoring. The research goal of "focus area one" is to ensure that enhancements to 
the Nation's PM monitoring system improve understanding of the contribution of transportation to PM. 
The EPA's ambient air quality monitoring program provides the data needed to track air quality through- 
out the United States. The data gathered by the PM n~onitoring system provide a major source of infor- 
mation for the designation of future nonattainment areas. as well as for tracking compliance with 
NAAQS, and developing emissions modeling tools. emissions inventories. and control programs. EPA. 
in coordination with state air quality agencies. is presently expanding the PM monitoring system to sup- 
port future NAAQS. These networks will substantially improve the capability of the PM monitoring sys- 
tem to address the new PM2,5 NAAQS. The monitoring systems. however. may not be adequate to pro- 
vide data needed for accurate determination of transportation sector-related PM emissions. Project P1 
will analyze preliminary data from the PM2.5 monitoring network to identify potential PM2,5 nonattain- 
ment areas. Project P2 will integrate critical transportation sector PM research concerns into EPA's 
supersite PM research program. Project P3 will examine state-of-the-art techniques for measuring the 
semi-volatile component of PM. 

Focus Area Two: Characterization. The research goal of "focus area two" is to advance understanding 
of the spatial occurrence of PM and its sources. with an emphasis on PMg -. . and secondary PM forma- 
tion. Characterization of PM draws on spatial and chemical analysis of monitoring data to improve 
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understanding of where PM problems occur and how they are caused. Accurate characterization of PM 
can help to ensure that equitable and effecti\.e control strategies are de\,eloped. At present. hom,e\.er. 
understanding of the spatial and chemical characteristics of PM2,5 is based on a m a l l  number of region- 
specific studies. This research does not fullq, addre5s kej PM characterization concerns that are relevant 
to transportation agencies. such as the likelq extent of areas that w,i l l  be affected b!. PM,, regulations. 
the magnitude of secondary PM formation and transport. and the reiati\,e contribution of transportation 
sources to PM, j. Targeted analysis of the data collected bq impro\-ements in the PM,, monitoring net- 
work will be vital to ansu,ering these questions. Project P4 will re\.iemz and update transportation-related 
source profile information used in PM speciation anal!,si\. Project PS m i l l  utilize speciation monitoring 
data to provide an improved understanding of the relati\ e contribution of transportation to PM. 

Focus Area Three: Tramportation Sources. The rewarch goal of "focus area three" is to improve 
understanding of motor vehicle-related sources of PM and PM precursor emissions. Despite several 
decades of regulation on PM emissions. relatively little i 4  kno\im about the operatins \zariability of PM 
emissions from motor vehicles as a result of changes in .;peed. engine deterioration. fuel and dri\.ing 
beha~ior .  Recent studies for light-duty \vehicles ha\,e besun to expand this knowledge. Howe\w. addi- 
tional research is needed. Project P6 ~vill conduct dynamometer studies of diesel-fueled vehicles/engines 
that are representative of the current tleet mix to generate better data on the contribution of diesel vehi- 
cles to PM and PM precursor emissions. Project P7 ivill conduct dynamometer s t ~ d i e s  of sample vehi- 
cles to determine the impact of gross emitter gasoline pouwed \.chicles on Phl emissions. Project P8 
will examine re-entrained road dust contributions to PM,,, in urban areas in the eastern United States. 

Focus Area Four: Modeling. The research goal of "focus area four" is to improve PM emission model- 
ing for transportation sources. The PARTS model is EPA's accepted motor \.chicle PM emissions model. 
and is required in the development of P M l o  in\.entories and ana l !~s .  The accuracy sf  emission factor 
models is important because these models are used to de\.elop emission inventories and to e\aluate the 
emission effects of transportation projects and control strategies. The quality and accuracy of user inputs 
to the models. such as vehicle travel data. are also impomnt for accurate in\,entory de\.elopment and 
analysis. I t  is widely recognized that the PARTS model contains a number of iveaknesses that limit the 
precision of the model. The following priorit! research projects are designed to fill saps in modeling 
techniques and improve the accuracy of emissions' estimates. Prc?ject P9  ill de\.elop a coordinated 
model improvement program for incorporating new research on motor \~hicle-related emissions into 
EPA's PM nlodel on a timely basis or will de\,elop new models as necessar!. Project P10 will identify 
improvements needed in travel data to i rnpro~e the use of the PM emission model for inventory de\.elop- 
nient and analysis. Project PI I will de\.elop an approach to the ammonia ernisions component for possi- 
ble inclusion in one of EPA's motor vehicle emission factor models. 

Focus Area Five: Control Strategies. The research goal of "focus area fi\.e" is to impro\ze understanding 
of the costs and effectiveness of PM control strategies for transportation sources. With the potential for a 
significant number of new PM, non-attainment areas under the new NAAQS. there is an increased need 
to improve understanding of potential control measures for transportation. Project PI 2 analyze the 
costs and effecti\,eness of existing transportation source PM control strategies at reducing PM and 
PM-precursor emissions. Project PI 3 will de\,elop a menu of transportation-s(>urce PM, - .  , control strate- 
gies for regions to consider in air qualitq planning. including an e\.aluation of costi and effecti1,eness in 
different geographic settings. Project P I4  will e\.aluate the interactions bet~veen transportation-related 
PM and ozone control strategies. and other air pollutants. 
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Next Steps 

The research focus areas and priority projects outlined in this Workplan provide a map for conducting 
future transportation-related PM research. Howe\.er. additional steps will be required to implement the 
Workplan, including de~elopnient of detailed proJect scopes. identification of project leadership roles. 
and selection of funding opportunities. Important implementation issues include: 

Multiagency implementation approach. FHWA acknowledges that the technical complexity and 
broad scope of the projects contained in the Workplan will require a multiagency implementation 
approach. Extensive coordination between FHWA. state DOT$. and MPOs bill be critical: however, 
the multidisciplinary range of projects outlined in the Workplan nil1 also necessitate extensive 
involvement by academic and applied research organizations. as well as state and federal air quality 
agencies. and industry groups. An open dialogue amon,. all these groups is encouraged to facilitate 
speedy resolution of issues critical to implementing this Workplan - particularly. equitable distribu- 
tion of research leadership. development of detailed project scope information. and funding responsi- 
bilities for indi~idual projects. 

Project implementation time frame. An aggressive four-year time frame is envisioned for conduct- 
ing the research described in the Workplan. Adherence to this schedule will ensure that completion 
of the research generally coincides with EPA's planned designation of new nonattainment areas and 
improves the ability of state DOTS to develop timely and appropriate transportation policy responses. 

Project scheduling. This Workplan does not include a specific time line for the initiation of individ- 
ual projects. This plan. however. recognizes that certain projects must be initiated before others 
because they answer questions that need to be addressed early on by transportation agencies and 
because their findings and outcomes will help lay the foundation for other projects. 

In terms of DOT'S key policy concerns. research focus areas 3. 4, and 5 (transportation sources. model- 
ing. and control strategies) are of most direct relevance. However. research focus areas 1 and 2 (monitor- 
ing and characterization) are acknowledged to pro\.ide critical background information on PM. without 
which sound policy decisions cannot be made. 

Communication of research results to transportation stakeholders is an important aspect of the implemen- 
tation of this research Workplan. The products of all the research projects need to be accessible to trans- 
portation professionals, and in some cases. special outreach methods and training will be required. 
Possible methods for distributing information about the research results might include development of a 
PM Web site. or newsletter, as well as conferences and seminars. 
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This Strategic Workplan for Particulate Matter Research is designed to pro\ ide direction for the research 
on particulate matter (PM)  being undertaken b), and o n  behalf of the transportation communitq~. I t  identi- 
fies a set of five research focus areas and describes the research projects necessar] to most effectil-el]. 
develop needed information and tools and to target resources. Sponsored bq the Fecleral Highu.? 
Administration (FHWA). this plan was de\ eloped b!, FHWA in cooperation ~ , i t h  atmospheric scientists. 
air quality experts. environmental and transportation planneri; from state departments of transportation 
(DOTS). metropolitan planning organizations (MP0s ) .  air qualit), qenc ie \ .  industr!. and academia. 

Purpose and Need for Transportation-Focused PM Research 

PM is the term used to describe a complex mix of solid particles and liquid droplets found in the air. PM 
\aries ~ . i d e l y  in terms of its phjsical and chemical properties and there are man), sources that contribute 
to atmospheric concentrations. A primer on PM is pro\.icled in Appendix A. 

Concern about the ad\zerse health impacts of particulates first led to regulation of YM under the Clean 
Air Act (CAA) in 1971 when the LTnited State< En\,ironmentd Protection Agencq (EPA) established a 
National Ambient Air Quality Stanclard (NAAQS) for PM. Since the early 1970s. a number of transporta- 
tion agencies. primarily in Western States. have been i n \  ol\.ed in the de\.elopment of air quality plans to 
reduce PM emissions and to reach attainment of the national standards. 

More recently. numerous scientific studies ha\e linked exposure to fine PM \vith significant human 
health problems across the United States. In response to these findings, the EPA established major 
changes to the NAAQS for Phl in July 1997.' The re\ ised NAAQS are expected to have wide-ranging 
impacts on the transportation community.' These impacts include: 

An expected irl('rem(~ i l l  t h ~  111111111~1 .  o f ' P M  r~orllrtttrirrr~~r~~t I I I P ~ I . ~ .  particularl] in the Eastern United 
States. thus greatly expanding the number of state DOTS. MPOs. and local transportation agencies 
that are affected by PM regulations: 

A , f i ) c~~s  o f 1  cor~bus t ior~  procrsscs ( i ~ ~ ( . l l { d i ~ l , y  \'ia/~i~.lc ( J I I Q ~ I ~ ~ J S ) .  as a ma-jor source of PM. particularly 
in urban areas where combustion-related emissions are likely to compose a greater share of total 
enlissions. thus increasing the likelihood of more u.idespread transportation-related control programs 
for PM: 

An rmrrgirlg rrco,yizitio~l o f ' P M  11,s ( 1  ~ ~ ~ g i o r l r i l  ,111uh1~1rr. caused in part b], secondary PM. that is 
formed and transported over great distance\. thus redefining Phl. in part. from a local to a regional- 
Ie\,el issue and expanding the need for broacier emision control programs. 

I On Ma) 14. 1999. the C.S. Court ol',L\ppeals I'or thc Dihtrict of Col i~r i ib~;~  C I ~ C L I I I  I ~ ~ L I C I I  ;in opinro~i 011 the national ;imbie~it 
air qualit! standards for ozone and P.M that EPA is\ued 111 SLII! 1'107. O n  Junc 2 8 .  IWY. thc l'e~leral go\ernment t'iletl a prti- 
tion for rehearing hey aspect\ ot'the caw in the 11.5. COLII.(  ol' .ippcals 101- the I1.C'. C i r c ~ ~ ~ t .  T l ~ c  C'.S. Supreme C o ~ ~ r t  ~ L I I ~ c I  on 
Fcbruar> 27. 2001. in fa\.or of EPA'\ re\ ivxi standards r ~ l t h o ~ ~ ~ h  i1liplc1~ic1it;1t1o11 of the ~ C ~ L ~ I ~ ~ I I I C I I I ~  i h  pending. 
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Given an increase in the number of PM nonattainrnent areas. transportation agencies in many parts of the 
country will be required to participate in the development of transportation-related emission inventories 
and control strategies for inclusion in State Implementation Plans (SIPS) for PM. They will also poten- 
tially be faced with undertaking conformity analyses for PM. 

In addition to these new requirements, transportation agencies also have an interest in PM because of the 
relationships between PM and other current and emerging atmospheric concerns. The interrelationship 
between PM and other air pollutants is summarized in Figure 1 .  Interactions between PM and ozone are 
an important concern since ozone's precursors. oxides of nitrogen (KOx) and volatile organic com- 
pounds (VOCs). also contribute to secondary formation of PM and for many locations meteorological 
conditions conducive to high ozone formation often lead to high levels of PM. High concentrations of 
PM also contribute to regional haze, which is a concern for visibility in urban and rural areas. In addi- 
tion. PM indirectly affects global climate change by increasing light scattering and the number of parti- 
cles available for cloud droplet formation. Some particulates are also toxic. such as diesel particulate 
exhaust and semi-volatile polycyclic aromatic hydrocarbons (PAH). therefore reductions in the mass of 

. . 
these particulates may also reduce t ox~c  alr contaminants. 

PM Precursors n 

Regional Haze Climate Change 

Air Toxics 

Figure I .  Relatioilship of PM to Other Atmospheric Cortcerrzs 

t+l Particulate Matter I I I Ozone I 

Despite continued challenges to meet existing PM standards. as well as the potential repercussions of the 
new PM NAAQS on the transportation community, and the relationship between PM and other air quali- 
ty concerns. there are acknowledged major weaknesses in the basic analytic tools and data that are need- 
ed to develop appropriate policy responses. In particular. policymakers charged with responding to the 
new PM standards are challenged by factors such as a limited understanding of spatial and chemical 
trends in ambient PM emissions. inaccurate and incomplete emissions inventories. and inadequate emis- 
sions models. The large gaps in information necessitate targeted research focused specifically on the 
needs of the transportation community. 

FHWA's Role in PM Research 

The FHWA's 1998 National Strategic Plan establishes the Agency's mission "to c~o~ltii~~ttrll j~ irnpro\sr the 
qrtnlitjl of our Nation :s I l i g l~~~u! '  . s~ . .~ te i~  111111 its iilterwlod111 comectioil.~. " It identifies five strategic goals 
for achieving this mission, one of which is to protect and enhance the natural environment and communi- 
ties affected by highway transportation. 
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Building on the National Strategic Plan. FHWA established an en\,ironmental research program as a core 
component of the Agency's environmental stemardship responsibilities. The Agency's broad environmen- 
tal research goals are identified in FHWA's 1998 Strategic Plan for En\,ironmental Research. Air qualit). 
research. including investigation of  PM-related issues. i \  one of eight program goals established in the 
Strategic Plan for Environmental Research. 

This Strategic Workplan for PM Research draws o n  FHWA's previous strategic planning initiatives to 
provide direction and focus for the Agencl's role in PM research. I t  establishes a tu.o-fold \ision for 
conducting research that establishes a transportation focus in PM research and ensures that research 
results are relevant to the needs of transportation policqmakers. 

Bringing a Transportation Focus to Study of PR.1 Issues. Despite significant concern about the 
health impacts of PM and increasing eiidence that the transportation sector may be a significant con- 
tributor to ambient PM concentrations. substantial research gaps remain in terms of understanding 
the formation. characteristics. source apportionment. and modeling of PM. particularly in relation to 
transportation sources. 

Critical uncertainties in the research include a lack of kno~vledge about the chemical composition of 
PM and relative source contributions. as \+,ell as the extent of secondar) PM formation in the atnios- 
phere. De\,eloping better information about the characteristics and source apportionment of PM is a 
critical step for the development of emissions models and in\,entories that can be ~ ~ s e d  for policy 
development and planning. As a result. a program of transportation-focu\ecI research is needed both 
to develop the information and tools needed to shape future policies and programs. 

Developing Applied Research Products that Respond to Needs of Transportation and Air 
Quality Planning Practitioners. Traniportation-foc~~sed PIM research must be targeted to the policy 
and program needs of the transportation comrnunit\. and integrating these needs with ongoing and 
future research initiati\,es in a timely and cost-effectiw manner. In this regard. the Workplan is 
designed to: 

b Identify gaps in the PM science know.ledge base that are hindering policy de\ elopnient; 
b Supply an objective information foundation suitable for developing the next generation of trans- 

portation-related policy tools and techniques: and. 
b Coordinate the PM research program for transportation sources w,ith existing and future research 

initiatives. 

Developing a Strategic Research Workplan for PM 

This Strategic Workplan for PM Research \vas developed with input from transportation and air quality 
experts throughout the country. as shown in Figure 2. I t  draws extensi\,elq on information gathered in 
a detailed literature review of PM research. and on the results of a one-da), symposium w,ith transporta- 
tion and air quality experts held in January 7000. 

PM Literature Review. A comprehensi\ze review of recent literature was conducted to gather informa- 
tion about current PM research in five broad topic areas: 

Spatial. temporal and chemical Lariations of PM: 
Sources of PM emitted by the road traniportatlon scctor: 
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PM measurement techniques; 
Emission factor development models: and. 
Strategies for controlling transportation source PM emissions. 

One-day PM Symposium. To more fully incorporate the perspectives of the transportation community. a 
one-day synlposium was held in Charleston. S o ~ ~ t h  Carolina. during January 2000. A range of academic 
and applied researchers. as well as air quality and transportation planners from federal. state. and local 
agencies were invited to the symposi~~ni .  Attendees participated in a series of breakout sessions designed 
to gather expert input on key research topics. The breakout sessions matched the topics used for the liter- 
ature review. Together. the results of the literature re\.iew and the symposium bere used to provide 
insights during development of this Workplan. The results of the symposium are si~mmarized in 
Appendix B. 

STRATEGIC 
WORKPLAN FOR 
PM RESEARCH 

Figztre 2.  Workplnrz Developlnelzt Process 

Linking PM Research Focus Areas to Transportation Policy Questions 

Research Focus Areas and Goals 

The final output of this Workplan is a set of priority research projects. The projects are intended to fill 
PM research gaps that are most critical to the transportation community. Within the Workplan. the priori- 
ty projects are categorized according to five broad research focus areas and according to how they 
address four key transportation policy questions. By linking research focus areas to resolution of key 
transportation policy questions. implementation of the Workplan \vill facilitate de\peloprnent of informa- 
tion. tools. and approaches that transportation agencies can use to handle emerging issues related to the 
new PM standards. 

PM Research Focus Areas 

The research community and transportation professionals who participated in the FHWA PM Research 
Symposium identified five key research focus areas for inclusion in the Workplan: 
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Monitoring - Research to incorporate transportation source concerns into PM monitoring 
approaches: 

Characterization - Research that addreswi the spatial. temporal, and chemical \,ariations in 
ambient PM: 

Transportation Sources - Research that addresses sources of PM from transportation: 

Modeling - Research concerned with itnprming transportation source PM emission factor models 
and travel data inputs: and. 

Control Strategies - Research to identify and e \  aluate tran4portation source PM control strategies. 

Each of these topics represents a distinct area of research that is also linked to resolution of a kelp trans- 
portation policy question. 

Transportation Policy Questions 

Transportation agencies will face a number of important policy challenges in regard to PM over the com- 
ing years. Transportation agencies in PM, and PM,,, non-attainment areas ma!, be required to assist air 
quality agencies in developing tran4portation control strategies for State Implementation Plan5 (SIPS). 
Transportation agencies will also need to denionstrate conformit! of their transportation plans in PM 
nonattainment and maintenance areas. Gaps in knon ledge and lack of tools. hou e \w.  currently constrain 
the ability to effectively carry out these acti\zities. Addressing these and other isjue4 \i i l l  require resolu- 
tion of four important policy questions. 

What areas are expected to be in nonattainment? 

EPA will designate PM2,5 nonattainment areas w e r  the period 2002-05. and transportation agencies 
need to know early on ~vhether they may be faced M it11 a nonattainment designation. Earl!, knonl- 
edge will allow transportation agencie\ to de\ elop the capacit! to addres4 Phl nonattainment iisuej 
and participate with air qualit!, agenciej in the de\ elopment of nonattainment area desipations and 
SIPS. and in the completion of the conforn~it\s process. 

What kind of problem is PM: local, regional, or both? 

This question addresses two issues: 1 ) To M hat extent are PM2,i problems associated n.ith local 
sources versus transported from other region\? and 2 )  To  hat extent are atmospheric concentrations 
of PM affected by direct PM emissions \.ersu+ secondary forniation'? Transportation and air quality 
agencies need to be able to answer these questions in order to identif! the appropriate level and tar- 
get for control strategies. 

What is the transportation contribution to PM? 

The contribution of transportation sources deterniines the extent to ~ , h i c h  the SIP may focus on these 
sources. Transportation agencies need to understand the contributions of different transportation 
sources and how roadway  characteristic,^ and transportation system performance affect transportation 
en~issions. 

Strategic Workplan for Particulate Matter Research 5 



What are the most cost-effective control strategies for transportation sources? 

Transportation agencies need to understand the costs and effectiveness of potential strategies. and the 
other implications of these strategies. to select and implement the most appropriate control strategies. 

These four questions provide a logical sequence to undertake the priority projects in the Workplan. 
Answers to the first two questions need development to provide state and local transportation agencies 
with an understanding of whether PM is a problem in their regions and where the problem is originating. 
The last two questions are most critical to transportation agencies and relate directly to transportation 
sources and the effectiveness of transportation control strategies. 

Integrating Research Focus Areas and Policy Questions 

Figure 3 summarizes how the five research focus areas and the key transportation policy questions are 
interrelated. This diagram is the "blueprint" for the Workplan and it identifies how each priority project 
helps to answer one or more of the transportation community's critical policy questions. 

As this figure shows. a number of research projects help answer more than one of the research questions. 
Most emphasis. however, has been placed on research to help understand the contribution of transporta- 
tion sources to PM, because this is a critical research gap of primary importance to the transportation 
community. The blueprint shows how the research priorities in this plan form a research path that inte- 
grates findings across focus areas to answer the transportation community's critical research questions. 

Other PM Research Initiatives Relevant to the Research Focus 
Areas and Projects 

Currently. many research initiatives are being conducted on PM. Most projects focus on health effects of 
PM. However. agencies within EPA. other Federal and State agencies and industry also are sponsoring 
studies examining the relationships between PM and source contribution, as well as the local and re,' uion- 
a1 nature of PM. In identifying the key transportation related projects for this workplan as shown in 
Figure 3, extensive literature was reviewed that included published peer re\ iewed papers, conference 
proceedings and reports prepared for commercial and government agencies. 

Two important Web sites currently contain a broad array of information on studies related to PM 
research. These sites are maintained and updated frequently and provide the latest information on current 
and planned PM research efforts. The first is an EPA site (l~ft~~://~~~r~~~~~.r~~~~.go~~/rt~~/tr~~ztic~~~~~.l~t~i~l). This 
site maintains: 1)  current and ongoing information on the EPA sponsored PM Supersites: 2 )  the latest 
from the Clean Air Scientific Advisory Committee (CASAC) on PM: and 3 )  EPA guidance on PM net- 
work design. data management, speciation. and policy. The second site is the Particulate Matter Research 
Activities (PMRA) Web site ( I I ~ ~ ~ ~ : / L ~ ~ L ~ ~ L ~ : / ~ ~ I I - ~ I . o I ; ~ ~ .  That site keeps and sorts current. ongoing and future 
PM research. The site is operated and maintained by the Health Effects Institute in collaboration with 
EPA. The PMRA Web site broadly covers all aspects of PM research; and identifies a project's title. 
principal investigator. sponsor. schedule (time period), funding level. and an overiiew of the study. 
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Based on a review of these Web sites. at least one rele\mt project wa\ found ~ . i t h i n  each of the five 
research focus areas discussed in the "Research Focus Areas. Goals. and Priority Projects" section of this 
Workplan. Below, current ongoing research projects. rele\.ant to projects identified in Figure 3 are identi- 
fied. Note that recommended project numbers are used in the discussion (e.g.. Project P3) to facilitate the 
cross-referencing of Figure 3 with the details of the topic areas and projects outlined below. 

PM Monitoring 

Recommended Project P3 identifies the need for examining state-of-the-art techniques for measuring 
semi-volatiles. Three current research projects are ongoing. or have been recently completed, in this area. 
First. Gundel and Stockburger. sponsored by EPKs National Exposure Research Laboratory (NERL). are 
investigating the development of a PM, -. . semi-volatile organic compounds (SVOC) salnpler - since in 
areas of the country where organics are a main component of the fine particle mass. this will result in a 
significant negative bias in the mass measurement. The earliest sampling of ambient organic aerosol con- 
sisted of collecting particles on quartz filters and analyzing them for compounds of interest. With the 
recognition that positive and negative artifacts u.ere possible. a sorbent bed of an acrylic polymer (PUF 
or XAD) was added following the filter to collect SVOCs that were ixporized from the filter or were 
present in the gas phase of the incoming air stream. To account for compounds that are in both gaseous 
and particulate phases (and thus increase accuracy 1. current thinking is that SVOCs require a denuder to 
be placed upstream of the filter. 

Second. Koutrakis et al.. sponsored by Electric Power Research Institute (EPRI). are investigating fine 
particulate mass measurements in field studies with the specific intent of I )  measuring the particle mass 
artifacts due to losses or gains of semi-\datile compounds. and 2 )  comparing measurements obtained 
from a variety of integrated and continuous particle mass measurement techniques. 

The third study, sponsored by Tennessee Valley Authority (TVA) is using a sampler ~ . h i c h  incorporates 
the state-of-the-art collection techniques for semi-volatile aerosol particles. The sampler is operated in 
the field along with one of the FRM monitors in the TVA network. Data collected will help in determin- 
ing the contribution of semi-volatile aerosols to fine particulate matter loadings. 

PM Characterization 

Project P4 identifies the need for updated source profile information for PM speciation analysis. Three 
current research projects are ongoing. or ha\.e been recently completed. in this area. 

First. under sponsorship by the Health Effects Institute (HEI). Gertler is investigating ambient sampling 
of diesel PM. The study is obtaining chemically speciated diesel profiles that will be used to source 
apportion diesel versus other ambient constituents in the air. The particle number and the chemically 
speciated. size-segregated. particle distributions are being measured. These results will be compared to 
measurements from 25 years ago to determine the change in diesel exhaust particle mass in ambient air. 
Particulate emissions from light-duty gasoline vehicles are also being measured to compare their contri- 
bution to those from diesel vehicles. 

Second. under sponsorship of EPA's National Risk Management Research Laboratory (NRMRL). Smith 
and Wasson are developing PM source signatures. The project will provide updated and augmented data 
on the chemical composition and size distribution of fine particulate matter (PM). smaller than 2.5 
microns. from a variety of source types. Particular emphasis will be placed on acquiring detailed PM 
organic speciation data in order to allow greater differentiation of sources in source apportionment than 
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is possible when source profiles are limited to PM eleniental compositions. The extended profiles will be 
made available for inclusion in the Office of Air Qualit! Planning and Standards ( O A Q P S )  SPECIATE 
database for use by EPA Regional Offices and State en \  irontnental agencies in apportioning ambient fine 
P M  to emission sources. 

The TVA project is a study on mobile source contribution to fine particulate mass. The study uses tn.0 
continuous PM mass monitors: one colloc:~teci ith a routine fine PM monitor and one located in the 
same community adjacent to a major interstate highw!. The contribution of mobile sources ~ i i l l  be 
inferred from the difference in PM mass and chemistr) at the t \ io  monitor\ that capture the same com- 
munity sources. This will pro\.ide information o n  mobile source contribution that i 4  currentl>. lacking in 
the Tennessee Valley. A chemical mass balance ( C M B )  modeling technique will be applied to historical 
and recently-collected chel~iicallj-speciatecl samples of PM, - .  to determine source attribution for PM, - .  , 
in the Tennessee Valley. 

Sources of PM 

Pro.ject P6 recommends that engine testing be conducted o n  a repreientati1,e tleet o f  diesel fueled 
engines to generate better data o n  the contribution of diesel fueled \.chicles to PM pollution. An ongoing 
project. under sponsorship of EPAINRMRL. has de\.eloped an integrated on-road iampling s),stem to test 
gaseous emissions from hea\,y-dut). diesel tractors as they operate on highwa! s. This i! stem has demon- 
strated the transient nature of exhaust emission le\ els e \  en for "stead! state" operations and is being 
modified to include particle size and mass nieasurements. The rneaiurement system\  ailable able to define 
the particle size distribution of these emissions are laborator), grade units M ith relatixl!, long sample 
processing times. The de\,elopnient of a suitable sampling s! stem that pro\,icies a sample ~vh ich  is cooled 
and diluted as the actual exhaust pipe discharges. and p l w m e s  the sample for a sufficient period to 
allow the analytical instruments to complete their c!,cle\. is the focus of thii effort. 

Modeling of PM 

Project PI 1 recommends the de\.elopment of a modeling procedure for assessing ammonia emissions 
from transportation sources. A current research pro,ject being sponsored b). the Coordinating Research 
Council ( C R C )  in\nlves the determination o f  ammonia emission rates from in-use light and hea\.j,-duty 
vehicles. The objective of this study is to sample the rare of ammonia and ammonium ion emission le\.- 
els from on-highway vehicles while tra\reling in a tunnel. Samples are to be taken during an existing tun- 
nel study in the Tuscarora Mountain Tunnel. The contribution of ammonia from mobile sources repre- 
sented by this on-highwaq tleet will be estimated and compared to other estimates. 

PM Control Strategies 

Project PI 2 seeks to determine the cost and effecti\,enes\ of existing transportation source PM control 
strategies. As part of EPA's Supersite program. the Nen York State D O T  i i  aswssing the effecti\ eness of 
new emission control technologies. for example. Compressed Natural Cia\ tCh 'G)  bus deployment and 
Continuously Regenerating Technolog! (CKT) introduced in New York Cit). and their impact on ambient 
air quality, using remote open path roadside. mobile platform. and fixed site rneas~~rernents of carbon 
dioxide. carbon monoxide. nitric oxide. nitrous acid. and formaldehjde and aeroiol chemical cornposi- 
tion. At the conclusion of this study. sufficient information will be a\  ailable to a i s e i i  both the cost and 
effectiveness of these new engine control technologies on Phl and P M  precusiors. 
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Likewise. Project P14 seeks to expand the understanding between ozone and PM control strategies. An 
ongoing research study is being conducted by Cays et al.. under the sponsorship of EPA's National 
Center for Environmental Research and Quality Assurance (NCERQA). to investigate the effects of 
emissions controls on ozone and fine particle air quality in both California and the Northeast region of 
the United States. By simultaneously accounting for ozone and fine particle formation and transport. 
impro~red methods will be developed to greatly increase the computational speed of PM air quality mod- 
els. The niodels developed will be applied both in Southern California and in the Northeastern United 
States. and formal evaluations of model performance will be conducted. The completed models will be 
used to evaluate the effects of emissions controls o n  omne and fine particle air quality in both California 
and the Northeast. 
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RESEARCH FOCUS AREAS, GOALS AND PRIORITY PROJECTS 

This section identifies and describes the research prc!ject priorities for the transportation com~nunit!. This 
Workplan recommends the implementation of the foi~rtc'en pro.ject+ (referenced in Figure 3 )  falling under 
the five research focus areas d i s c u j w l  in Section 1- ~nonitoring.  characteriration. sources. modeling. 
and control stratesies. 

The recommended research projects are d i \erse  in scope. rangins from t'airl) specific research initiatiiei 
to broad propammatic  initiatiws in\,ol\,ing multiagenc) or mi1ltistaheholc1er coordination. Thi+ ranFt. in 
scope retlects the complexity of the PM issue and the significant research g a p  that currentl!, exist. 
Figure 3 pro\.ides a lexicon for the recommenciecl p~.o.jt'cts based o n  pro.ject +cope. 

I P1 Conduct analysis of preliminary data from PM,, monitoring 
I 

network to identify potential PM:, non-atta~nment areas J 

Recommended Project 

P2: Integrate critical transportation sector PM research concerns 1 
into EPKs " s u ~ e r  site" PM research ~ r o o r a m  i 
P3 Examine state-of-the-art techniques from measuring 

J 
I 

seml-volat~les I I 

I P4 Rev~ew and update transportation-related source profile I 

1 informat~on used in PM spec~ation analys~s 4' 

Issue Specific 
Project 

P5 Utilize speciation monitoring data to provide an improved I I 

I understanding of the relat~ve contribution of transportation to PM J 
1 P6 Conduct dynamometer stud~es of diesel fueled vehicles/ 

~ 
I 1 engines that are representative of current fleet mix I J I 

P7 Conduct dynamometer studies of sample vehicles to determme I 

J I 

the ~ m p a c t  of gross em~tter gasoline powered vehicles I 

Multi-Faceted 
Project 

P8 Conduct a re-entrained road dust study that identif~es the extent 
to w h ~ c h  re-entrained roadway dust contributes to PM,, In urban 
areas ~n the Eastern Un~ted States i 

Programmatic 
Initiative 

P9 Develop a coordmated model improvement program for 
lncorporatlng new research on motor vehicle-related emissions into 
EPAs PM model on a timely basis 

J 

P1 0 ldent~fy Improvements needed In travel data to Improve the use 
of the PM em~ssion model for inventory development and analvs~s 

P I  1 Develop ammonia emissions component for inclusion ~n one 
of EPA's models d' 

I I 

Figure 4. Classification of Projects in Terms of Scope 

1 
I 

d, 1 

P1 2 Analyze the costs and effectiveness of ex~sting transportation 
source PM control strateg~es 

P I 3  Develop a menu of transportation-source PM2 control 
I 

strategies for regions to cons~der in alr quality planning v' 

Re+earch initiatives that invol\.e specific acti\,ities. such a+ anal!!ses of currentlq. a\niluble ~nonitoring 
data. have specific (often singular) objecti\.es. can be conducted b!. a r e l a t i \ , e l  small I-esearch team. and 
can fall ilnder the auspices of a single sponsoring agent!. In mo+t cases. the results of  focused initiati\ es 
will feed multifaceted project+ or even broader programmatic initiati\,e+. 

I 
I J 1 

P I 4  Develop assessment of interactrons between transportation 
source control strategies for PM and other alr pollutants 
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Multi-faceted projects attempt to fill multiple research gaps and are designed to address various. 
although related. objectives. For instance. prcljects that strive to improw modeling methodologies likely 
will require multi-disciplinary research teams with expertise in air quality and transportation modeling. 
Such projects may be best conducted under the auspices of multi-agenq collaborati\.e efforts. and most 
likely address multiple objecti\.es (such as enhanced data collection practices. model de\.elopment, and 
model application for impact assessment). Similarly. recommended projects that in effect are program- 
matic initiatives involve multiple ob.jecti\.es and may ~ . c j q l r i r c .  multi-agency collaboration. 

The following sub-sections describe the recommended projects under each of the fi\,e research areas. 
First, existing research gaps are identified to set the context for the recommendations, This is follocxzed 
by project descriptions that discuss how the selected projects  ill address research gaps. 

Monitoring 

Research Goal. Ensure that enhancements to the Nation's PM monitoring system improve under- 
standing of the contribution of transportation to PM. 

Overview 

The EPA's ambient air quality monitoring program provides the data needed to track air quality through- 
out the United States. The data gathered by the PM monitoring system provide a major source of infor- 
mation for the designation of future nonattainment areas. as well as for tracking compliance m,ith 
NAAQS. and developing emissions modeling tools. emissions in\.entories. and control programs. 

EPA. in coordination with state air quality agencies. is presently expanding the PM monitoring system to 
support future NAAQS by establishing: 

A network of PM, , mass monitors. and; 

A network of PM, , chemical speciation monitors. 

These networks will substantially improve the capability of the PM monitoring system to address the 
new PM?,, NAAQS. In addition. EPA has established seven PM Supersites ~ i t h  the primary objective of 
improving the understanding of PM characterization. The monitoring sy4tems. hou.ever. may not be ade- 
quate to provide data needed for accurate determination of transportation sector-related PM emissions. 
To improve the understanding. a monitoring system is needed for the counting and classification of vehi- 
cles contemporaneously with a PM monitoring network. The gaps or uncertainties that should be 
addressed by the correlated monitoring efforts are associated with the areas noted below. 

Understanding the temporal variation of PM is important to the transportation sector since a portion of 
ambient PM concentration is reactive in which time plays a role i n  the PM formation. transport and dep- 
osition. Generally, short term time intervals ( I -hour or less) are important to de\,eloping a sound under- 
standing because chemical reactivity. transport. deposition and traffic volumes ~ v i l l  change significantly 
over the course of a day. The short sampling periods should provide sufficient fidelity to correlate \,chi- 

cle emissions and traffic volumes. Further. an improved understanding in temporal variations may identi- 
fy episodic PM violations that are the result of unusual conditions. 
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Improved understanding in the spatial variation of PM refers to the \ ariability of the pollutant composi- 
tion from one geographical area to another. The spatial \.ariation ma! be the result of "transport" from 
other regions or due to differences in locally generated PM emissions. Developing an ilnpro\ ed under- 
standing from a study which can determine the "transport" component associated n.ith PM generated in 
one geographic region but carried by atmospheric proce5ses to another location is e\sential since control 
strategy effectiveness will be highly dependent upon this determination. In general. the spatial variability 
in PM appears to be a strong function of the geographic location u ith the inter-mountain States in the 
Western United States typically ha\ing problems with fugiti\.e dust. California u,ith nitrates. the Midwest 
and northeast nzith sulfates and the South uith secondar! organic compounds. An understanding of these 
differences and the role transportation sources pla) must be imprmed. 

Chemical transformation of the volatile emisjions that may be present in PM is an important area for 
impro\led understanding a i  research has show11 that PhI from transportation sources has significant 
component of semi-volatile co~npounds ( e . ~ . .  ammonium nitrate). In  addition. current methods do not 
accurately retlect what ma) be actuall), inhaled due to limitation in current monitoring methods. 

To accurately discern the transportation related ambient PM. networks should include nieasurements of 
traffic \mlume and vehicle claisification. For example. "gross emitters" t>picall>, represent les5 than 10 
percent of the regional tleeti. but account for 50 percent of gasoline-fueled tailpipe \,chicle emissions. 
Therefore. a transportation apportionment stud) will need to characterize the "gros\ emitters" in addition 
to counting their numbers. Failure to accuratelj account for these \.chicles u,ill harm efforts to curb 
tailpipe gasoline-fueled vehicle emissions by incorrectl! targeting all gasoline-fueled \.chicles in control 
strategies when only a fractional percentage are reiponsible for the PM tailpipe emi5sions. 

A transportation related source apportionment study mu\t consider both the regional traffic contribution 
as well as the local traffic contribution. Counting and \chicle classification art. important components of 
correlating I'ehicle emissions with sampled PM concentrations. Studies h a w  been conducted \vhich 
include traffic monitoring methods. but these studies often are not correlated n,ell with the sampling 
rimes of the PM samplers or the counts ha1.e not been conducted o w r  a regional area with the purpose of 
relating the regional disperse indi\,idual site measurements to the region as a whole. This is important 
since PM is a pollutant that can be chemically-tran5for11ied. tran5ported and deposited oiSer significant 
distances and times and. therefore. regional traffic information must be incorporated into the local count- 
ing to pro\ide a complete picture of vehicle PM emissions. 

Finally. a transportation source apportionment stud), mu5t include both local and regional-scale measures 
of meteorology. Areas having frequent winds (e.g..  mountain \alleys. r iwr  \ . a l lqs .  ridge tops) are the 
least likely to have pollution problems. Thi\ is because emissions are continually dispersed and trans- 
ported and do not remain in the area where the!. were generated. However. the emissions may be chan- 
neled to other areas leading to possible PM problems. Because of this. i t  is important for \ites to ha\,e 
meteorological instruments that can account for the local meteorology. Relying o n  ~veather data meas- 
ured many miles away from a local site will onl) pro\,irle general information about the site of interest. 
This phenomenon has been widely seen for CO in u,hich ambient CO monitor data often shows lev, con- 
centrations at times when traffic volume is relatiwly high. Houever. as a result of transport. the peak 
carbon monoxide concentrations are often t'ound to occur in the late night hours and not near the location 
of peak emissions. 

The following priority research projects are designed to ensure that transportation issues are addressed 
within PM n~onitoring activities. 
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Priority Projects 

Project PI: Conduct an analysis of preliminary data from the PiL12.5 monitoring network to identi- 
fy potential Ph12.5 nonattainment areas. 

No accurate estimates of the scale and geographic extent of ambient PM, concentrations exist (USEPA. 
1996). Data from the new PM, -. . , ~nonitoring ne twrk  will pro\,ide the foundation for EPKs PM2,5 non- 
attainment designations across the United States and  many arcas that are presently unaffected by P M l o  
are anticipated to become PM? nonattainment areas. PM. nonattainment status \\.i l l  ha\re significant 
regional transportation policy implications because transportation has been shown to be a sigificant 
contributor to PM,, -. . (Wongphatarakul et al.. 1998: Lan.son and Smith. 1998: Schauer et al.. 1996). This 
project \\.ill analyze preliminary data from the national PM, , monitoring net~vork to identify potential 
PM, -. . , problem areas around the Nation and to examine the extent of secondar!, PM formation in these 
regions. 

Project P2: Integrate critical transportation sector Phl research concerns into EPA's Supersite 
PM research program. 

The EPA's supersite PM research program consists of a set of special studies that extend beyond the 
national regulatory monitoring networks for PM t o  support de\.elopment of SIPs. Key components of the 
program include: 

Accelerating the testing of admnced sampling  neth hods to replace current technologies: 

Providing advanced measurements that simultaneously support PM and omne SIPs: 

Fostering collaborative partnerships across the research and regulator), monitoring communities: and. 

Providing additional information useful in upcoming health risk assessments of PM and its 
components. 

In late January of 7000. EPA announced the final selection of LI set of seven region-specific supersite PM 
study locations. each of which will feature research programs conducted by academic institutions. The 
studies are located in Fresno. CA: Los Angeles. CA: Houston. TX: St Louis. MO: Baltimore. MD: 
Pittsburgh. PA: and New York. NY ( a  pilot supersite in Atlanta. GA is close to completion). The studies. 
with the exception of the Fresno site that is already unde rwj .  were deployd  i n  mid-2000 and are sched- 
uled to conclude prior to 3005 ~vhen the earliest PM SIPS are due. 

The supersite studies are a critical PM research opportunity that u,ill yield an ~~nparalleled array of data 
about PM characteristics. yet only the New York supersite prcsentl! include+ a transportation-specific 
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ob.jective. At the New York Supersite. an e\,aluation ot' [he en~ i s s ion \  impact\ ot' alternati\,r fuel buses 
and after-engine bus emission control technolog!, \ + i l l  he inclucied a \  part of thc re4earch program. 
Inclusion of similar transportatiot1-reI~1tcc1 component\  at other \upersites \ + . i l l  require greater in\ o1L.e- 
ment by the transportation community. but will help to expand consideration and auarcness of trans- 
portation-related w e a r c h  concern\. 

Project P3: Examine state-of-the-art techniques fbr measuring the semi-\olatile component of PhI. 

Transportation sources in some m j o r  111-him area\ are an important contributor of \ e m - \  olatile com- 
pounds such as ammonium nitrate. Howc\c~. .  according to recent research b Kiln et al. ( 19e)C). 3000). 
and Pang et al. (2000) .  current PM mahj monitoring techniques ma!, not a c c ~ ~ r i ~ t c l ~  n i e ; ~ s ~ ~ r t '  the wmi-  
\,olatile fraction of PM. Scmi-\,olatiles ma! be undere\rimatcd b\,  non nit or\ a \  a result of e \  aporation 
caused by pressure change during sampling or ;I\  a result ot' cleconiposition and chernic;~l reactions that 
occur during filter storage. Kim et al. and Pang et al. find that loss of nitrates be significant. 
accounting for upwards of 20 percent of the total PM, - .  , mas4 o n  \orlie d a > s  and up to 10 percent of the 
annual average. Alternati\ ely. overestimatiw ot' semi-\  olatiles ma!, result from gaseous adwrption onto 
filter\ or from chemical reactions that occur during filter storage. Gain5 tila!, al\o he significant. accol-d- 
ing to Kim et al.. and Pang et 31.. \i'ith a 6 to 10 percent gain o n  an annual b a i 4 .  

Monitoring of semi-\'olatiles is an emerging issue 01' concern both to acadeniic r ewxchers  and to the 
regulated community. De\,elopnient of practical scmi-\,olutilc monitoring methocl\ that c;ui be incorporat- 
ed  into the "federal reference method" for monitoring tccliniqi~c\ will r e q u i t ~  iliscus\ion b e t ~ e e n  EPA. 
industry experts. regulated agencies. and acacieniic rewarchers. This pro.ject \I i l l  include cie\elopment of 
a research forum to facilitate such ;I dialogue. 
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Characterization 

Research Goal -Advance understanding of the spatial occurrence of PlCI and its sources, with an 
emphasis on PR/12.; and secondary PM formation. 

Overview 

Characterization of PM draws on spatial and chemical anal),sis of monitoring data to improve under- 
standing of where PM problems occur and how the! are caused. Accurate characterization of PM can 
help to ensure that equitable and effective control strategies are de\.eloped. At present. however. under- 
standing of the spatial and chemical characteristics of PM, is bawd o n  a small number of region- 
specific studies. such as work by Eldred and Cahill ( I994)'on remote iites: \+,ark b). Lipfert ( 1998) on 
clusters of urban fine particles: and work by EPA ( 1996. 1999) o n  data collected from the rural-focused 
\-isibility monitoring network. This research does not full! address he! PM characterization concerns that 
are relevant to transportation agencies. such as the likelq extent of areas that will be affected by PM2,5 
regulations. the magnitude of secondary PM formation and transport. and the relati\,e contribution of 
transportation sources to PM2,? The transport of PM from one region to another is not well understood 
and i t  will be more important for PM2.5 than PM, , , .  Targeted analysis of the data collected by impro\,e- 
ments in the PM, -. - monitoring network will be \ ital to ansu,ering these questions. 

Se\,eral critical research gaps exist in the understanding of the characteriration of PM and its sources. 
and in particular for PM? -. . and secondary PM. 

Emission Source Profiles. Using the Chemical Mass Balance (CMB) method to determine source 
contribution of PM monitored data requires the use of up-to-date and accurate sets of chemical sig- 
nature profiles. For example. in the latest state-of-the-science CMB anal),sis for PM completed for 
the Northern Front Range Air Quality Stud) (NFRAQS). conclusions Lvere reached that gasoline 
coldstarts and "gross" emitters \vest: responsible for the majority of PM emissions. This is in sharp 
contrast with results from PARTS which finds that less than two percent of the PLM emissions are 
from these two categories. The NFRAQS conclusion hinges on the diesel and gasoline-fueled emis- 
sion source profiles used in the analyiis. 

Geographic variation in transportation contribution to Phl. The contribution of transportation 
sources to PM will vary widely across the Nation. To date. studies ha\,e focused efforts on local or 
small regional studies with a focus o n  characterizing PM. With the a\,ailability of a nationwide speci- 
ation monitoring network. opport~mities exist to begin to determine potential source contribution 
from transportation sources. For example. sulfates can be considered non-tl-ansportation related PM 
(only those emissions associated uith the refinery of crude oil to gasoline and diesel). Through an 
analysis of the data conclusions the effects of transportation related emissions o n  PM concentration 
can be determined. 

The following priority research projects are designed to ad\.ance the understanding of the spatial occus- 
rence of PM and its sources. 
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Priority Projects 

Project P4: Review and update transportation-related source profile information used in PM 
speciation analysis. 

EPA and others ha\,e devoted considerable effort to the design and implementation of a nat ion~, ide net- 
work of PM speciation monitors that identify the chemical conitititents prewnt in Ph4. The chemical spe- 
ciation data generated by the new network of speciation monitors  ill be combined \\ ith source profile 
information to determine the relative apportionment of PM emisiions. Outdated source profile informa- 
tion. however. may hamper the accurac), of source apportionn~ent estimates desi\ed horn new speciation 
monitor data. 

As fuels, technologies. and use patterns ha\,e changed from 1970 to the present. $0 ha\,e the chemical 
profiles for many transportation-sector emissions sources. For example. catal\,tic con\,erter\ on spark- 
ignition vehicles and in~pro\~ed diesel engine technologies h a w  subitantiall! reduced carbon emissions 
from these sources. Source profiles must bc itpdated to reflect changing technolog) and to ensure that the 
\ .due of the speciation net~zork is maximi/ecl. 

The first phase of this research project ~vill re\,ie\\, the udequacy of wurce psot'ile information to deter- 
mine the extent to which transportation-sector source profiles are out-of-date. In the sxond  phase of the 
project. updated source profile information will be de\.eloped for use in conjunction m.ith speciation 
monitor data. 

Project P5: Utilize speciation monitoring data to pro~ide an improved understanding of the rela- 
tive contribution of transportation to PRI. 

Current estimates of the contribution of transportation to PM are based on a small number of region-spe- 
cific studies that do not provide insight on \,ariationi in the rt'lati\.e share of transportation's contribution 
to PM from region to region. or the significance of secondar) PM. The chemical speciation-monitoring 
network that is currently under de\elopment nil1 pro\ itle a \itbstantial amount of additional data on the 
relative source apportionment of PM in different region\ of the country. This project will analyze data 
from the monitoring network to determine issuei s~ich a4 hen the contribution of transportation to Phl 
varies across the country. as well as the culpability of kt.! transportation sources such a$ diesel trucks. 
and the potential for regional transport of PM. 

Relevance to Transportation Commzinity. .4.s triltr!\..si.s of ' . \ /~trt i tr l ,  c~hrillic,trl ciilrl teil~/~orvrl \,lri.i~ltio~l.s ill 

t11e c ~ / ~ ~ ~ i ~ c ~ ~ ~ t ~ ~ ~ ~ i , s t i c ~ , s  of'P,U (ic/\,ti11(,t~,\, rhi.\ ii1,/Oi~1ilc/tioi1 \\,ill fi)/.i11 ( 1  ~ ~ ~ ~ i r i c ~ ~ i / , f i ) i r i ~ ~ / c ~ r i o i ~  / ; ) I .  d e \ ~ c ~ / o p i ~ ~ ~ q  
q ~ p ~ - o p r i u t e  Store eiilel i x ~ ~ q i o i ~ u /  ~ / l i t i , q c / t i o~~  t//1/1i.oer(~/1t~.\. , \ ' o ~ ? ~ l r t o i i ~ ~ ? ~ ~ ~ i ~ t  c / ixJt /  c/(~,\i~qil(lt io~~,\ t ~ ~ i i s t  i ~ f 7 e ( , t  rho 
e.vterlt ~ f ' c ~ o n r r - i h l / r i i ~ ~ q  S ~ I I I Y Y . Y  to P.M IL;AAC)S \.io/tifio11.\, \\'/lile c,oi l t i7) /  . s f i~ i t ( y ) .  de i .c~/opmei~t  1111r.st ~ ~ f l e c , t  
the t ~ ~ / ~ e . \  cy"PM rllert crrr plu\~llrrlt. For  e.vrr~llplr, i l l  I Y J ~ I O I I . ,  \ ~ ' / I ~ I P  c ~ ) c r r c . c ~  I ~ I O ( / C J  (P,M, - .  . ,- to PM,,,) .six 
I~I-tic.1e.s d o ~ i ~ i ~ ~ e l t ~ ,  u ) ~ l t r ~ ) I  .st i .clr(~gi~~s thtlt,/hc,lr \ 011 i ~ ( / i i c , i i l , q  i.t1.sii.\l)(-'i~e/(~~/ c ~ g i . i c ~ i l l r l r i u I  o i .  . s t i ~ e t  t/it.st 11111). 

be ~)lo.st  q ~ p r o p r i t ~ f t j ,  111 ( ~ r ~ ~ o s  \ \ ~ / ~ P I x J  P M ,  - .  . p e i i ~ i ( ~ l t ~ . s  U I Y ,  t / o t ~ i 1 1 e r 1 1 f ,  / ~ o \ \ , c ~ \ ~ ~ i ;  ( 1  , /Oc , l r \ .  011  c ~ o 1 1 1 1 ~ o 1  o f  c v 1 1 1 -  
hir.stior1 . s o i r r c v . s  illti\. /XJ 11101~ i .e/e~~rilt .  
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Transportation Sources 

Research Goal - Improve understanding of motor vehicle-related sources of PRI and Phl precursor 
emissions. 

Overview 

Despite se\,eral decades of I-egulation of PM emissions. rclati\,ely little i \  k n o w  about the operating 
\,ariabilit>. of PM emissions from motor \,chicle\ caused b\, factors 4uch as changes in speed. engine 
deterioration. fuel characteristics and dri\,ing beh;~\,ior. Recent \tudic\ on light-dut!, \ ehicles. such as 
those conducted by the Coordinating Research Council ( C R C )  and National Renewable Energy 
Laboratory (NREL) .  have begun to expand this knou,ledge (Cadle ct al..  1998: Norbeck et al..  1998 and 
Whitney et al.. 1998). Liken,ise. independent hca\.!-dut> enfine testing t 'xilitie\ in the US include West 
Virginia Lrni\,ersity and rhe California Center for Environnlental Research and Technologjp (C-CERT).  

Three broad categories of motor \lehicle-related emi\sions are mi!jor contributor\ to ambient PM concen- 
trations: 

Vehicle Tailpipe Emissions. Motor vehicles emit PM as a component of tailpipe exhaust emissions 
and nearly all tailpipe PM emissions are clus\ified as PM, - .  ,. The principle factors that intluence 
tailpipe emission rates are fuel t g e .  cmi\\ion control technology. engine maintenance. file1 economy. 
and dri \ ing conditions. \uch as \ehiclc speed. A\,erage tailpipe emission rate\ for diesel-fileled 
vehicles are appl-oximately one to tn ,o  order\ 01' mafnitucie higher than gasoline \chicles. Ho\ve\.er. 
gasoline-fueled \,chicles account for approximatel! 95  percent of the on-road \,chicles. 

Brake and Tire Wear Emissions. Vehicles generate PM emission\ as a result of brake and tire n,ear 
during tra\,el. These particles are inirially su\pended in the ~lir .  and ma! become parr of reentrained 
road material. The relati1.e complexity in\,ol\,ed in ~neasurinf brake and tire wear emissions has 
resulted in relati\.ely few comprehensi\.e studiej  on this issue. Existing research. howe\w.  su,, crw\ts 
that brake and tire wear-related PM emissions are a rel;~ti\ely sniall share of total tranjportation 
source PM emissions (Cooper et al.. 1995: Cowherd. 1997). 

Re-Entrained Road Dust Emissions. Re-entrained roacl dust i 4  usi~all! an important source of P M l o  
emissions. Vehicle tra\,el on pa1.t.d and ilnpa\ ed t rawl  surfaces. including roads. parking lots and 
stagin? areas. results in Phl emijs iom caused by enrrainmcnt of solid particles into the atmosphere 
by forces of b i n d  or  jrehicles acting o n  expo\eci materials. Roadway particles may originate from a 
\,ariety of sources including roaduay s u r f x e  materials. roacl con\truction acti\zities. tire and brake 
\{,ear. or  application of deicing and anti-skid material. 

From these three broad categories the mo#t relei ant research gaps to impro\,ing the understanding of 
mobile source contribution to PM emis\ions arc the I'ollou ing. 

Vehicle Tailpipe Emissions. Current e\.idence strongly wggests that \,chicle tailpipe emissions nil1 
likely be the dominant source of PM,,5 from transportation sources. Regional-scale emission inven- 
tories using emission factor models such as PARTS indicate that diesel con~bust ion rypicallj. con- 
tributes more than 5 0  percent of an air basin\ tran\portation contribution to PM2,5. Yet little rejeurch 
has examined the in-use characteristics of the C L I I . ~ C I ~ ~  diesel fleet\ nationwide and considerable 
uncertainty \urrounds their in-use deterioration. T h i ~ s .  a priorit), for impro\,ed understanding of 
source contribution from motor \chicle\ is de\  eloping an impso\ ed underrtanding of in-use deterio- 
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ration from on-road diesel engines. e\pwiull! those huilt since IW4 that u\e catal\tic oxidation 
cle\'ice\ for \i hich n o  infor~nation is a \  ailable o n  long-term effecti \enc\\  and maintenance practice\. 

Gross Emitters. Recent jtudies on high eniitting g;~soIine f '~~eled \chicles 1111\ L) i'ound en~iss ion rate\ 
4 to 10 times PM rates of normal cmittcr\. Since g;iiolinc t'uelccl \ chicle\ cornpow appro.xiniatelq 0 5  
perecnt of  the operating tlcet. i t  is important that the causes I'or tlie g1.045 enlitter\ be identified so  lhat 
et'fectiw control measure\ can be targeted ;it gro\\  I'h1 e~l i i t te~. \ .  A rese;ircl~ \tucI! directed at deterniin- 
ing the impact and causes of f r o \ \  emitting Phl \chicles \ioulcl x i \ ~ a n c e  [hi\ current rc\txucli gap. 

Re-entrained road dust in the Eastern United States. Source contribution 01' t'ugiti\ e clu\t enli\- 
%ion\ { t i l l  remain in question as to their orifin ip;i\cnient. ~liouli ler\ .  inrlblo\\ n ) :  to \\,hat ilrgrce tlie 
number of vehicles p1aq.s and the cicgrce to \i.liich qu~uititic\ are entrained t'rotn \ eliiclc motion and 
their size di\tribution. Current rewarcll et'forts. \uch '1s NCHKP 25- IS. arc tlii~ectecl at impro\ ing thi\ 
under\tanding. but are not directed at impso\ ins  the unclcr\ratiiiintl_i ot' u r h ; ~ ~ ~  m d  Eahrern L'nitccl 
States re-entrained road dust that \ \ i l l  lihel! he an iinportant coniponent to the Phi, - .  . \ource contri- 
bution in the Eastern Cnited States. 1-0 date. i i l~no\t  all \ tu~l ies  on re-ents;1i1le(1 ro;d C I L I \ I  h a \ e  been in 
the Western United States: bq directing a research stud!, at urban ea\tern cities. an  ilnportant rese;ircli 
gap u,ill be closed and will help eastern agencit.4 i l l  prepasation ot'tlieir Phl SIP\ .  

The follo\ving priority research project\ ha\ c heen cle\~gnetl to impro\.c the i~n~ ie~~ \ t anc l ing  of motor \ e h -  
cle-related sources of PM and PM precursor enii\sions. 

Priority Projects 

Project P6: Conduct d>namometer studie, of diewl fueled \ehicledengine$ that are reprewntati\e 
of current fleet mix to generate better data on the contribution of d i e d  \chicle\ to PRI and PI1 
precursor emissions. 

Studies of in-use hea\.y-dutq diesel emi\\ ions inclicalt. that actual P.11 emis\ions ma! be consiilcrabl!~ 
higher than current " P A R T Y  and "EMFA('7(;" cmi\\ ion t'actos n~oclel\ predict bccau\c t'actors such a \  
engine deterioration. tampering and \,chicle operating c,h;~ractcristic\ are poorl! unilrr\tood (U 'e ;~ \e r  rt 
al.. 1098). Although diesel \,eliiclc\ manuf'actust.d since 100-1 c;tn ha\ e considcrahl! lo\ier  emission rate\ 
because they incorporate aci\'ances in emi\sion cwntrol tech~lolog!. slo\s t'lect turno\ cr rates for clie\el 
trucks reduce the impact of' cleaner truch cngines (Norheck.  et al.. lCNS 1. 

This project will study diesel \.ehicle tailpipe emi\\ ions to dcterniinc the ~ I I - L I \ C  cIi;i~-acteristi~\ of current 
diesel tleets nationwick. Such studie\ are t!pic;rll! conducted for a \11iall \ample of \chicle\  se1ecti.d to 
be representati\,e of fleet characteristics of' intere\t. suc.11 a \  f'ucl thpe. \ ehic~le age. and emi\\ ion\  control 
technology. Current monitoring tec,hnicluc\ t'or ~neasuririg tuilpipe PM clni\sion\ inclucle direct mea\u~-e- 
~i ients  (lighr-dut5 vehicles o n  d y n ; u m m e t e s ~ ) :  indirect ~ ~ i e a \ u r e m e ~ i t \  (hca\! -tlutq engine\ on chas\is- 
dynamometers con~binetl  n.ith \,chicle loads): tunnel mcasiirenienr\. and moclcl\ that combine cxperimen- 
tal measurement and phq,sical approximation\. 
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Project P7: Conduct dynamometer studies of sample vehicles to determine the impact of gross 
emitter gasoline powered vehicles on PM emissions. 

OdSO- In-use PM emission rates of less than 3 mg/mile are typical for newer (post- 199 I ) model light duty ; 
line autos and trucks (Cadle et al.. 1998: Norbeck et al.. 1998: and Whitney et al.. 1998). As vehicles age 
and accumulate mileage. however. deterioration of engine operating characteristics and emission control 
components can result in higher emission rates. In a recent CRC and NREL wries of studies. high 
gaseous emitter gasoline vehicles were found to have approximately 5 to I0 times the particulate emis- 
sion rates of normal emitter vehicles (Cadle et al.. 1998: Norbeck et al.. 1998: and Whitney et HI.. 1998). 
This project will study gasoline vehicles to determine the impact of gross emitters. 

Project P8: Conduct a re-entrained road dust study that identifies the extent to which re-entrained 
roadway dust contributes to Ph12.5 in urban areas in the Eastern United States. 

There have been extensive studies of the impact of wentrained dust in the Western United States. 
(Cowherd. 1997; Cowherd et al.. 1998: Kinsey. 1995: Light et al.. 1998: Moen et al.. 1996) however. 
very little is known about the extent of re-entrained dust in the Eastern United States. Research on re- 
entrained dust from roadways has primarily been confined to analysis of sites in the Western United 
States where arid climatic conditions pre\,ail. Some researchers suggest that current models that rely on 
existing research. overestimate re-entrained dust from roadways by as much as a factor of 10. (Larson 
and Silva, 1997, Light et al.. 1998, Moen. et al.. 1996. and Venkatram and Fitz. 1999). Research should 
focus on developing a better understanding of the contribution of re-entrained PM in eastern. urban 
areas. and determining the sources of re-entrained dust (i.e.. sand. tire \vex. crustal material. etc). There 
are large fluctuations in the level of re-entrained particulate emissions because of the sporadic nature of 
materials handling and the effects of precipitation and wind. 
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Modeling 

Research Goal - Improve PR.1 emission modeling for transportation sources. 

Overview 

The PARTS model is EPA's accepted niotor \chicle Phl emisiions niodel, and is required in the deie lop-  
ment of P M l o  in\.entories and analyses. The model is ~ t sed  to calculate emission factors (in grams per 
mile) for gasoline and diesel-pou,ered motor \,chicles for particle iizes up to 10 microns ( P M  and 
PM?,,). The model is capable of estimating emisiion rates for PM from \ehiclc exhaust. exhaust compo- 
nents. brakem,ear. tirewear. and re-entrained roacl clust. The State of California uses its o w  emissions 
model. EMFAC. to estimate PM ernissioni because of the u n i q ~ ~ e  regulations o n  \.ehiclei in that State. 

The accuracy of emission factor models is important b e c ; ~ ~ ~ s e  these models are used to d e ~ e l o p  emission 
in\.entories and to e\'aluate the emission effect4 of transportation pro,jects and control itrategiei. The 
cluality and accuracy of user inputs to the n~odels .  iuch as \.chicle tr;i\,el data. are also important for 
accurate inventory de\relopment and anal! sii.  

I t  is midely recognized that the PARTS model contains a number o f  m,eaknesses that lirnit its a c c u r a q  
(Graboski. 1997: Turner. 1995. 1998: Wea\,er cr 21.. 1909). Tlie\e u.eakneiies then limit the usefulness to 
m,liich the rnocleling results can be uied to establish accurate en~iss ion in\ entoriei and set emission 
budgets for PM. and in particular for Ph?,, - .  and seconclar! Ph?. 

Although \zarious projects rele\,ant to the transportation conimunit! can be identified. the follom,ing pri- 
ority research project areas are designed t o  fill the most important research gaps in modeling techniques 
to the transportation community. 

Model improvement program for incorporating new research on motor vehicle-related emis- 
sions. Most of the information ~ ~ s e d  for estiniating exhaust Phl eniiisions from light-duty and hea\y-  
duty Lehicles are based either on  certification data or from studies dating back to the early 1980s. 
This problem also extends to the other PM emission factors. includiny brake. tire \Year and re- 
entrained road dust. These outdated emission factors make tlie model resillti suspect and the accura- 
cy questionable. The broad number of emission factor impro\,ement studiei. all of M hich affect the 
reliability of tlie model for source contribution assessment. makes incorporation and updatins of 
these factors critical to the transportation cornmunit). The tie\ elopment of :I model improvement pro- 
gram t o  incorporate the completed and moit  current research m.ill  help to facilitate the incorporation 
of these results into tlie nem,est ~ e r s i o n  of u particulate emission factor model. 

Identify improvements needed in trawl data for emission factor models. Tra\,el data are current- 
ly used in conjunction with emission factors to estiniate regional emission\. Howe\.er. tra\.el data 
collected by transportation or  planning agencies do not match the needs for de\  eloping an accurate 
emission inventory. For example. fuel t l p e  i i  f r e q ~ ~ e n t l l  not included in the tra\,el sur\,eys. In order 
to de\.elop a more accurate emisiion in\,entor), for a region. the le\el  of specificity in the emission 
factor model should match the le\.el of detail in the tra\.el data information. Impro\ ing the detail in 
the travel data to match the specificity in the emission factor model n.ill lead to more accurate emii -  
sion in\.entories and in particular lead to an i m p r o ~ e d  ai\e\sment.  B irnpro\ ing the tra\.el data 
detail a\.ailable, a more accurate PM in\ entor! w,ill be a \  ailable leading to better estimates of the 
transportation communities' source contribution. 
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Develop an approach to incorporate ammonia emissions. Neither the MOBILE or PARTS model 
currently incorporate ammonia emissions. For some locations ammonia nitrate is a major component 
of the total PM, (e.g.. San Joaquin Valley. South Coast Air Basin). T ~ L I S  ammonia emissions from 
niobile sources may play an important role in fine PM formation since NOx is emitted concurrently 
with ammonia. In order to accurately assess the significance. an approach is needed to accurately 
incorporate ammonia emis\ions into an emission factor model for mobile source$. 

Specific priority research projects i~nder the three areas listed abo\,e follon~. 

Priority Projects 

Project P9: Develop a coordinated model improvement program for incorporating new research on 
motor vehicle-related emissions into EPA's PM model on a timely basis or dekeloping new models 
as necessary. 

The PARTS model was developed in the earl) 1990s and released in August 1994: the model was re- 
released in February 1995 with updates to correct a t'ew problems identified with the initial release. Since 
that time. there has been a great deal of research that has ad\,anced understanding of Phl emissions from 
motor vehicles. yet this impro\,ed underjtanding of PM has not been incorporated into the PARTS model. 
As a result. the PARTS model does not adequately account for man) factor\ that affect PM,,,  emission 
rates. In particular. recent research findings regarding factors that affect tailpipe emi\\ion rates such as 
in-use engine deterioration (Cadle et al.. 1998. Norbeck et al.. 1998. Weawr et al.. 1998. Whitney et al.. 
1998). and factors that affect brake and tire wear si~cll as weight and vehicle class (Cooper et al.. 1995): 
and research on re-entrained road dust (Cowherd. 1998: Cowherd et al.. 1 W8b: NCHRP 25- 18. 1999) 
have not been incorporated into PARTS. 

The development of a coordinated model improvement program n,ill ensure that existing research under- 
\tanding is incorporated into the PARTS model and that future research findings are incorporated into 
ne\v versions of the model in a timely manner. The model improvement program n.ill be ~ ~ s e d  to identify 
~rhether  there is enough e\-idence and consensus in the research community to warrant incorporating 
research findings into the model. 

Project P10: Identify improvements needed in travel data to improve the use of the PR.1 emission 
model for inventory development and analysis. 

Travel data inputs are an important input to the PARTS model. particularly information on  the portion of 
\.chicle travel by various classes of heavy-duty diesel vehicles and their age. Recent changes in new 
diesel engine control technologies are resulting in rapid changes in emissions. In addition. the nen,est 
heavy-duty diesel \,chicles have much longer engine life cycles. The$e factors ~ v i l l  ividely both by 
facility types and within regions and will not be accurately reflected on the fro54 national average tleet 
mix. The model allows users to provide customired inputs of the percent of VMT for 12 vehicle cate- 
gories and by vehicle age or registration. Trawl data collected by State and local planning agencies. 
ho~vever, typically do not match the data needed for emissions models. For example. traffic count data 
typically do not identify the fuel used by vehicles (e.g,. gasoline or diesel). While this issue ii; a problem 
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common for modeling all criteria pollutants. there are certain tra\.el data i swcs  specific to modeling PM. 
For example. heavy-duty diesel ~ e h i c l e s  are iniportant contributors to PM. and the PARTS model 
accounts for three different classes o t ' hea \ydu t ) .  diesel \.chicles (e.g. .  light hra\,!.-dut! diesels. medium 
heavy-duty diesels. and heavy hea\.y-dut!, d i ewls ) .  Most traffic count data. houe\,er. do not distinguish 
among different categories of heavy-dut!, vehicles. limiting the accurac!. of emis\ion estimates that can 
be developed. This project nil1 identify the trabel data needs and d e ~ e l o p  a set of recomniendations for 
improving travel data collection to impro\,e the accurac!, of PM emission$ modelins. 

Project P11: Develop an approach to ammonia emissions component for possible inclusion in one 
of EPL4's motor vehicle emission factor models (PART or hIOBILE). 

PARTS calculates exhaust emission factors for primas) emitted partic~ilates. brakc. and tire wear emis- 
sions, and re-entrained road dust emissions. Hon,e\er .  the PARTS model doe\  not pro\.ide emission esti- 
mates for gas phase emissions that form as a result of chemical reactions in the atmosphere. These PM 
precursor emissions are at times a sifnificarit contributor to ambient PM in w i l e  regions (Turner. 1998).  
While EPA's "MOBILE" model does estimate some PM precursor emissions (such as VOC and NOs). 
the MOBILE model doe$ not estimate emissions of ammonia that is an important PM precurwr. 

This pro-ject will involve developing mocleling procedures to estimate ammonia emissions and to incor- 
porate these procedures into the MOBILE or PARTS models. Althoush norli  i \  $ t i l l  being undertaken on 
developing an air quality model that can accuratel!. estimate the effects of precursor emissions on ambi- 
ent PM. this project will help to pro\,ide the fountlation for estimating the tsan.;portation contribution to 
all major P M  precursors. 
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Control Strategies 

Research Goal - Improve understanding of the costs and effectiveness of PSI control strategies for 
transportation sources. 

Overview 

Transportation and air quality agencies in states with PM,, ,  nonattainment areas ha1.e examined and 
implemented a number of transportation-related strategies to reduce PM air qualit! problems. Several 
recent reports pro\-ide an over\.ien. of potential PM control jtrategies for tranymrtation sources. (MECA. 
1999. EPA. 1990. STAPPA. 1996). These control strategies can be grouped into three categories: 

Fuel and vehicle technology controls. Fuel and technology-based Phd control strategies tend to 
focus 011 diesel vehicles since diesels emit a disproportionate share of PM from motor \,chicles. 

Vehicle technology and fuel approaches identified include: engine design modifications. use of oxi- 
dation catalysts and catalytic trap oxidizers (particulate filters). con\'ersion to alternati\,e fueled \.chi- 
cles. hea1.y-duty vehicle retirement/scrapp:~se programs. hea\.).-duty diesel inspection and mainte- 
nance iI&M) programs. use of low-sulfur diesel fuel. and high-cetane fuel. 

Roadway re-entrained dust controls. Dust control measures include paving, road surface improve- 
ments. and use of road surface treatments to stabilize unpxed  road\w\, surfaces or road shoulders. 
use of street sweepers and vacuum systems: and reductions in sand application practices (as a road 
deicer). 

Vehicle travel reduction. Strategies to reduce \.chicle miles of tra\.el (VMT)  include the traditional 
inventory of transportation de~nand management iTDM) strategies that have been implemented to 
reduce other criteria pollutants that are also PM precursors. Hov,wer. there has not been significant 
analysis of the effects of VMT reduction strategies o n  direct PM emissions and n,ays to target PM 
emission sources. 

With the potential for a significant number of new. PM?,, nonattainment areas under the nenz NAAQS. 
there is an increased need to improve understanding of potential control measures for transportation. 
States will be required to develop SIPS that identify how they \vill mo\.e t o ~ a r d  attainment of the 
NAAQS. Many of these areas will have had limited experience \vith PM and nzill differ markedly in 
terms of climate. geography. and other conditions from parts of the country that ha\ze been the focus of 
earlier efforts. In areas where transportation sources contribute a jignificant \hare of PM. transportation 
control strategies nil1 need to be examined for potential inclusion in the SIP. 

A number of critical research gaps exist in the undermnding of PM-related control strategies for trans- 
portation sources: 

Control Strategy Cost Effectiveness. The cost effecti~eness of existing and potential PM control 
strategies for mobile sources is poorly understood. Research on the cost effectiveness of transporta- 
tion-related control strategies is frequently non-existent or nurow.ly based on one or two location- 
specific studies that do not necessarily pro\.ide an accurate portra),al of cost effecti\,eness at a nation- 
al le\,el. Additional research is needed to prwide bajic data on the cost effecti\,eness of an array of 
control strategy options that can assist State DOTS i n  determining appropriate control strategies. 
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Geographic Variation in Control Strategy Effectiveness. Research on PM-related transportation 
control strategies has focused o n  a small number of States located in the Weitern half of the United 
States. such as Arizona. California. Colorado. and Washington. The characteristics of PM problems 
in these areas. howe\,er. are likely to differ from those found in other region such a i  the Midwest. 
the East Coast, or the Southeast. For example. rz-entrained dust probleini are likel! to be \erq differ- 
ent in an urban East Coast setting ~ , i t l i  a \t.etter and more humid climate as compared to a rural west- 
ern setting. Additional reiearch is needed to better uncleritand the effecti\eneis of different control 
strategies outside the Western United State\. 

Fuel and Technology-related Controls for Gasoline Yehicles. Fuel and \.etiicle technolog!,-related 
control strategy research is heavily focused o n  dieiel engine technologies. in part because diesels are 
a focus of existing PM regulation. A diesel engines become cleaner. the relati\.e share of PM emis- 
sions generated by gasoline-powered vehicles is likely to increase. hlore research is needed to deter- 
mine the effectiveness of control strategies for gasoline-pottered \.chicles: hou ee\er. the leiel of 
additional research shoi~ld be conelated to the rel;tti\.t' ihare ot' total PM cniisxions that Lire emitted 
by gasoline-powered \zehicles. In addition. research is needed to assesi the cftrcti\'eness of inspec- 
tion and maintenance programs in preserl ing the cft'ecti\,enesi of \chicle technology-based controls 
for both diesel and gasoline engines. 

Compatibility with other Air Quality Goals. The interaction\ be tnwn PM control strategies and 
control strategies for other pollutants s ~ ~ c l i  as oronc and air toxic.; is ilnclt.ar. As the o ~ e r l a p  particu- 
larly between PM and ozone nonattainment :was increaies. this issue i i  lihel! to become a ke\ 
concern. For example. some ozone-related TDM control itrategiei that promote use of diesel- 
powered transit may generate increased Phl emi\sions. u~hile some PM-related engine technology 
controls may increase NOx emissions that ad\ eriel) affect ozone. Understanding the complexity of 
these interactions will require additional research. 

Priority research projects designed to impro\.e the understanding of the coiti  and effectiveness of PM 
control strategies for transportation sourccs are described belov-. 

Priority Projects 

Project P12: Analyze the costs and effectiveness of existing transportation source PNI control 
strategies at reducing PRI and PSI-precursor emissions. 

PMlo  nonattainnient areas around the countrq ha\e implemented local-le\-el transportation-related control 
strategies for PM. such as. use of roadw,a\ surface treatments ;uid road construction dust controls. Onl!. 
a limited understanding exists. however. of the costi and effecti\,eness of these PM control strategiei 
particularly in terms of how these measures contribute toward meeting the Phl, - .  NAAQS since areas 
ha\.e not had to address this smaller size t'raction. 

This project would invol\,e a set of case studies of existing transportation PM control strategies to identi- 
fy the full costs of implementing these measures and to measure effects at reducing PM,,, emissions. 
PM2,5 emissions. and PM-precursor emissions. The estimated reductions \\~ould be compared with the 
reductions required within the SIP\. Emission reduction$ \ \ . o~~ ld  also be compared with estimates of the 
effects of improvements in diesel fuels and \.chicle technologies to assess the relati\,e contribution of 
these strategies. 
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Project P13: Develop a menu of transportation-source PM2.5 control strategies for regions to 
consider in air quality planning, including an evaluation of costs and effectiveness in different 
geographic settings. 

State and local transportation and air quality agencies have limited knowledge of the full range of 
options to reduce PM2,.i from transportation sources. Existing control strategies in use in P M l o  non-  
attainment are targeted towards the coarse mode fraction and are unlikelq to be sufficient or appropriate 
for control of PM, -. . in many parts of the country de5ignated as nonattainment under the new PM2,s 
standard. 

This project involves developing a menu of control strategies to help inform decisionmakers about the 
full range of options available for PM control. The emissions effects of each option will be a s s e ~ e d  
quantitatively using emis5ion models in a range of different geographic settings (e.g..  areas \\.it11 different 
temperatures. road types. \,chicle tleet mixe5). Is\i~es of concern to transportation decisionmakers will 
also be identified. including estimated costs. implementation issue$. effects on other transportation goals 
(e.g.. safety. mobility 1. and locational factors. 

Project P14: Evaluate the interactions between transportation-related PM, ozone, air toxics, cli- 
mate change, and other air pollutant control strategies. 

The effect of control strategies on  both PM and orone is important because man} areas of the country 
expected to be designated as nonattainment for PM, -. . are omne nonattainment or maintenance areas. 
The effect of control strategies o n  both PM and ozone is important because many areas of the country 
expected to be designated as nonattainment for the 24-hour PM, are orone nonattainment or mainte- 
nance areas. This is because in many locations (particularly in the Eastern half of the United States) simi- 
lar meteorological conditions conducive to high ozone formation also lead to high le\,els of PM, j. As a 
result. State and local decisionmakers need to understand the implications of control strategies o n  both 
PM, and ozone as well as the implications on air toxics and greenhouse gases. 

Some control strategies may be beneficial in reducing both PM and omne pollution. Since the ozone pre- 
cursors. VOC and NOx. are also precursors for secondarq, PM. ozone controls may already be working 
to reduce secondary PM formation. On the other hand. some omne control 5trategies may r e s ~ ~ l t  in 
increased PM as well as other effects o n  air toxics and greenhouse gases. For example. an increase in 
transit bus service provision could increase PM emis\ions since diesel buses ha\e  high PM emission 
rates compared to other classes of \rehicles. This would in addition increase air toxic emissions since 
diesel is considered a significant air toxic. Conversely. carbon dioxide L V O L I I ~  decrease as the transit bus 
service produces significantly less carbon dioxide than gasoline fueled ~,ehicles.  
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This pro-ject in\,ol\,es modeling the impacts o f  transportation control stratesies o n  hoth PM and orone as 
well as their impact on air toxics m d  greenhouse gaw4 uhing emission I'actor model\ and urban air shed 
models. 
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NEXT STEPS - IMPLEMENTING THE WORKPLAN 

The research focus areas and priority prc!jects outlined in thi$ Workplan pro\,ide a base-map for conduct- 
ing future transportation-related PM research. Additional steps \!'ill be required to implement the 
Workplan. including development of detailed project +copes. identification of project leadership roles. 
and selection of funding opportunities. This section of the Workplan identifies important implementation 
issues, including the research approach and timeframe for initiating the pro-jects described in this 
Workplan. 

Multiagency Implementation Approach. FHWA acknowledges that the technical complexity and 
broad scope of the projects contained in the Workplan will require a multiagency implementation 
approach. Extensive coordination between FHWA. State DOTs. and MPOs will be critical. However. 
the multidisciplinary range of projects outlined in the Workplan will also necessitate extensive 
involvement by academic and applied research organizations as n,ell a5 State and Federal air quality 
agencies. and industry groups. An open dialogue among all these groups is encouraged to facilitate 
speedy resolution of issues critical to implementing this Workplan. particularly. equitable distribution 
of research leadership, de\.elopment of detailed pro-ject scope information. and funding responsibili- 
ties for individual projects. 

Project Implementation Timeframe. An aggressive four-year timefranie is envisioned for initiating 
the research described in the Workplan. Adherence to this schedule @ . i l l  ensure that completion of 
the initial research coincides with EPA's planned designation of new nonattainment areas. Hence. 
this improves the ability of State DOTs to develop timely and appropriate tran5portation policy 
responses. 

Project Scheduling. This Workplan does not include a specific timeline for the initiation of individ- 
ual projects. However, this plan recognizes that certain projects must be initiated before others 
because they answer questions that need to be addressed early on  by transportation agencies and 
their findings and outcomes \ + i l l  help lay the foundation for other projects. 

In terms of the transportation cornmunity'a key policy concerns. research focus areas 3. 4. and 5 (trans- 
portation sources, modeling. and control strategies) are of most direct rele\,ance. Howe\,er. research 
focus areas 1 and 3 (monitoring and characterization) are acknowledged to prwide critical background 
information on PM. without which sound policy decisions cannot be made. G i \ w  the need to schedule 
these projects. this Workplan divides projects into three sets. as shown in Figure 5 .  
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Implementation Phase 

I 

Project P I  Conduct an analysis of Project P4 Review and update 
preliminary data from the PM, transportation-related soi l ice prof~le 
monitoring network to identify potential mformation used In PM speciation 
PM2, nonattainment areas analysis -- 

/ EARLY 

Project P3 Examine state-of-the-art 
techniques for measuring semi-volatiles 1 

I 

I 
J 

Project P2. Integrate crltical 
transportation sector PM research 
concerns into EPA's Supersite PM 
research program 

INTERMEDIATE 

Project P5: Utilize speciation monitoring 
data to provide an improved understanding 
of the relative contribution of transportation 
to PM. 

LATE 

Project P9: Develop a coordinated 
model improvement program for 
incorporating new research on motor 
vehicle-related emissions into EPA's 
PM model on a timely basis. 

Project P6: Conduct dynamometer studies 
of diesel fueled vehicles'engines that are 
representative of current fleet mix to 
generate better data on the contribution of 
diesel vehicles to PM and PM precursor 
emissions. 

Project P7: Conduct dynamometer studies 
of sample vehicles to determine the impact 
of gross emitter gasoline powered vehicles 
on PM emissions. 

Project P8 Conduct a re-entrained road 
dust study that identifies the extent to 
which re-entrained roaduay dust 
contributes to PM, in urban areas in the 
Eastern Un~ted States 

Project P I  0: Identify improvements 
needed in travel data to improve the use 
of the PM emission model for inventory 
development and analysis. 
--- - 

Project P I  1 : Develop ammonia 
emissions component for inclusion in 
one of EPA's models. 

Project P I  2 Analyze the costs and 
effectiveness of existmg transportation 
source PM control strategies at 
reducing PM and PM-precursor 
emissions 

Project P13: Develop a menu of 
transportation-source PM, , control 
strategies for regions to consider in 
air quality planning. including an 
evaluation of costs and effectiveness in 
different geographic settings. 

Project P I  4: Develop assessment of 
interactions between transportation 
source control strategies for PM 
and ozone. 

Figure 5. Project Implententutio~t Schedule 
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Early Implementation Projects 

A subset of the projects are recornrnended for initial implementation: 

Project P1: Conduct an analysis of preliminary data from the monitoring network to identify 
nonattainment areas. 

This project will provide valuable baseline information for State DOTS and MPOs about potential non- 
attainment status that will help to generate interest in and support for implementing other projects in the 
Workplan. 

Project P2: Integrate critical transportation sector PM research concerns into EPA's Supersite PM 
research program. 

This project should be considered a top priority because the super site program is already under develop- 
ment. A window of opportunity to include transportation research components may be missed if there is 
inaction on the part of the transportation community now. 

Project P9: Develop a coordinated model in~pro \~en~ent  program for incorporating new research on motor 
vehicle-related emissions into EPA's PM model o n  a timely basis. 

This project will support early resolution of critical transportation policy questions such as control strate- 
gy effectiveness and source apportionment. and is therefore of particular interest to the transportation 
community. 

Intermediate Projects 

These projects should be initiated second because they fill important research gaps that help to support 
later research projects but follow from the initial set of projects. 

Project P4: Review and update trangportation-related wurce profile information L I ~  in PM gpeciation 
analysis. 

Project P5: Utilize speciation monitoring data to provide an improved undergtanding of the relatike con- 
tribution of trangportation to PM. 

Project P6: Conduct dynamometer studies of diesel fueled vehicleslengines that are representati\re of cur- 
rent fleet mix to generate better data on the contribution of diesel \.chicles to PM and PM precursor 
emissions. 

Project P7: Conduct dynamometer studies of saniple vehicles to determine the impact of gross emitter 
gasoline powered vehicles on PM emissions. 

Project P8: Conduct a re-entrained road dust study that identifies the extent to which re-entrained road- 
way dust contributes to PM? -. . in ~ ~ r b a n  areas in the Eastern United States. 

Project P10: Identify improvements needed in tra\,el data to improve the use of the PM emission model 
for inventory development and analysis. 
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Late Implementation Projects 

These projects s h o ~ ~ l d  be initiated third because the! recluire inhrniation for earlier research projects or 
address issues that are seconclarq to some ot ' thc is\uc\ :lddre\wd in the t'ir\t t \ \ o  \et\ of prc?jccts. 

Pro-ject P3: Examine state-of-the-art technique\ for measuring wnii-\olatiles 

Project PI 1 : De\.elop ammonia emissions component t'or inclu\ion in one of EPA's models. 

Project PI 2: Analyze the c w t s  and effecti\,ene\s of existing transportation source Phl control strategies 
at I-educing Phl  and PM-precursor emissions. 

Prc?ject PI 3: Develop a menu o f  transportatioli-so~~rcc PM, - .  . control htrategie\ for regions to consider in 
air quality planning. including an c\,aluation of' costs m d  et'ti.cti\enes\ in Jifi'erent geographic settings. 

Project P I4 :  De\.elop assessment of interactions berucen transportation source control htrategies for PM 
and ozone. 

Dissemination of Research Results 

Cornmimication of research results to transportation stakeholder\ is an important a\pect of the implenien- 
tation of this research Workplan. The p r o d ~ ~ c t s  of ;dl the rese;lrcti pr(?ject\ n ted  to he accc;.sible to trans- 
portation professionals. In some cases. special outreach method\ and trainins \\ i l l  be required. Possible 
methods for distributing information about the re\carch resi~lts  might include de\  e lopn~cnt  of a P M  Web 
site. or  neu sletter. as well a\  conferences and sernin:u\. 
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PM - A Primer 

Particle Size. PM is characterized by size. expressed as a particle'j aerodqnamic equi\ alent diameter in 
micrometers (or microns). Fine particles are t!picall\. defined as those less than 2.5 niicrons in diameter 
(PM2,5)  and coarse mode particles are tho4e greater than 2.5 microns. but less than I0 microns in diame- 
ter (PMlo ) .  Particle size is closelq linked to relati\,e health impacts. as w l l  11s source origination. and 
chemical composition. 

Health Effects of PM. The adverse effects of PM on hunian health h a w  been recognired for many 
decades. The major risks to h ~ ~ r n a n  health include no t  onl) premature mortality from acute pollution 
episodes. but also aggravation of existing respiratory and cardio\ aacular disease. damafe to lung tissue. 
impaired breathing and respiratory symptoms. and alterations to the bodb's ph!,sical and immune sj,stern 
defenses against inhaled particles. Populations at zeneral risk include children. people of all ages with 
asthma. and elderly persons with illnesses such as bronchitis. emphjsema. and pnc.umonia. PM causes 
adi~erse health effects by depositing in the lungs u,here i t  in~erferes u.ith the re4pirator) process. The 
health risk from an inhaled dose of PM appears to depend on the size. compmition. and concentration of 
the particulate. 

PlCI in the Atmosphere. PM can result from direct emissions from ~ w i o u s  source4 (primary PhI) or i t  
can be formed in the atmosphere by LI combination of gaseous emission4 isccondar!. PM).  

Primary Particles. There are t u o  malor t>  pe\ of dmc t  PM emi,\ion\: 

Flrgiriw m ( l  Re-erltrlrirlrd Dust Pu1.tic.1r.v. Fugiti\t. dust includes \+ ind b l o w  particles and dust aris- 
ing priniarily from construction. agriculture. and natural land\cape4. Material resuspended by \rehi- 
cles traveling on unpaved and pwed roads is callecl re-entrained dust and considerable quantitie4 of 
re-entrained dust on road and pavement surface4 arise from lehicle tires tracking soil from unpa\.ed 
roads. the erosion of the road surface itself. and the degradation of parts of the \,chicle. especially the 
tires. The amount of re-entrained and fugiti\.e dust is extremel> difficult to predict or measure as i t  
depends on factors such as the dust loading of the surface. the preceding drj. period. u,ind speed and 
the volume of traffic. 

Co~~ll~ir.stioiz-reI~~tr~l Ptrrtic,le.\-. Major sources of combustion-related particles include diesel motor 
\,chicles. residential wood combustion. utilit!, and commercial boilers. Metallurgical processe5 and 
many other industrial operations also lead to the emission of particles into the atmosphere. The mode 
of formation and chemical composition of the particles \aries great l~ from one \ource to another. 

Secondary Particles. Secondary particles are formed \\.ithin the atmosphere b\ the oxidation of 
gaseous sulfur dioxide (SO,) and NOs. to form xulfate and nitrate aerosolj. H!,drocarbons also act as 
a catalyst to formation of secondary PM. The principal kpes  of secondar) particles are ammonium 
sulfate and nitrate. The sources that emit SOs and S O x  are generally located i n  ~ ~ r b a n  areas. with the 
exception of power plant utilities. However. seconclarq sulfate and nitrate particles t\,picall! form 
over several days. which can result in lony transport distances. Tlieje transported secondarb, particles 
can comprise a significant portion of the ambient I'M. 
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Chemical Characteristics of PhI. PM,, ,  and PM?,, are composed of' \nryin$ proportions of six broad 
chemical constituents: 

Re-entrained and Fugitive Dust. Fugiti \e dust consists mainly of oxides of aluminum. silicon. cal- 
cium. titanium. iron. and other metal oxides. The precise combination of these minerals depends on 
the geology of the area and the presence of industrial processes such as steel making. smelting. min- 
ing. and cement production. Re-entrained dust includes material t'l-om \,chicles and roads such as 
brake wear. tire wear. and pa\.ernent material. Re-entrained and fugiti\e du\t  is mostly in the coarse 
particle fraction. 

Sulfates. Ammonium sulfate. ammonium bisulfate. and s ~ ~ l f i ~ r i c  acid are tlie most common forms of 
sulfate found in atmospheric particles. resulting from con\.ersion of SOx gases to particles. These 
compounds are water-soluble and reside almost exclusi\,ely in the PM, - .  s i ~ e  fraction. 

Nitrates. Ammoni im nitrate is the most abundatit nitrate compound. resulting from a re\.ersible 
gaslparticle equilibrii~ni between ammonia gas ( N H , ) .  nitric acid gas. and particulate ammonium 
nitrate. Because this equilibrium is re\,ersible. ammoniuni nitrate particles can easily ewporate  in the 
atmosphere. or  after they have been collected on a filter. o ~ , i n g  to changes in temper:mre and rela- 
tive humidity. 

Sodium Chloride. Salt is found in suspended particles near seacoasts and after deicing materials are 
applied. In its raw form (e.g,. deicing sand). salt is usi~ally in the coarse particle fraction and classi- 
fied as a geological material. After e\.aporating from a suspended w t e r  droplet (as  in sea salt or 
when re-suspended from melting snow).  i t  is abundant in the PM, -. . , fraction. Sodium chloride is 
often neutralized by nitric or sulfuric acid and is classified us a sulfate or  nitrate. 

Organic and Elemental Carbon. Particulate organic carbon consists of hundreds. possibly t1ioi1- 
sands of separate compounds that contain carbon atonis. Because of this lack of molecular specifici- 
ty. and owing to the semi-volatile nature of niany carbon compounds. particulate "organic carbon" is 
operationally defined by the sampling and analysis method. Elemental carbon. often called "soot."or 
carbon black. contains pure. graphitic carbon. and dark-colored. non-\.olatile organic materials such 
as tar. biogenics. and coke. 

PM Regulatory Background. Regulation of PM in the United States has occurred in three broad phases. 
beginning in 197 1 : 

Total Suspended Particulate Standard, 1971. The first NAAQS for PM \$.as promulgated in 1971. 
The standard was expressed in terms of Total Silspended Particulate (TSP) .  and based on  a reference 
method for measuring attainment that used a "high-\.olume" sampler. ~ i k i c l i  collects PM up to a 
nominal size of 25-45 microns. The standard for T S P  was 260 pg/rn7. 24-hoilr a\,erage. not to be 
exceeded more than once per year. and a 75 pglm' anni~al  geometric mean. 

PMlo Standard, 1987. In I987 EPA re\,ised tlie PM NAAQS followins nearly a decade of debate 
over evidence that smaller particulates pose a greater h a ~ ~ l r d  to health. The new standard replaced 
T S P  as the reference method \vith a new indicator that includes only particles ~v i th  an aerodynamic 
equi\,alent of less than or equal to I0  microns ( P M l o ) .  As \vith tlie T S P  standard. a 24-hour a\.erage. 
and an annual mean were established. 

--- 
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PM2.5 Standard, 1997. In response to evidence th~it morbidit) and mortality effects occur at le\.els 
well below the P M l o  standard. in 1997. EPA added new PM, , standards. set at 15 micrograms per 
cubic meter (Ccg/n~') and 65 pg/m3. respecti\,el). for the annual and 24-hour standards. In addition. 
the form of the 24-hour standard for PM,,,  was changed. EPA is beginning to collect data on PM,, 
concentrations. Beginning in 2007. based on three years of monitoring data. EPA  ill designate areas 
as nonattainment that do not meet the new PM, \randarcis. 

The planned time frame for re\,& and iniplementation of the PM?,, NAAQS is sho~vn in Figure A- l 

PM monitors to be in place nationwide m 
P M  monitoring data to be collected 

EPA will  designate nonattainment 
areas for P M  

States will  submit implementation plans 
for meeting the P M  standard 

States will  have up to ten years to meet 
P M  standards, plus two  one-year extensions 

Figure A-1. Tirne Frante for Implementation of PM2,S Standard 
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Symposium Summary 
Spatial, Temporal, and Chemical Variations of PM 

The session focused on 1 )  assessing the current understanding of the \,ariation (spatial. temporal. and 
chemical) of ambient PM concentration across the United States and 2 )  the cause\ and processes that 
lead to elevated PM periods. The re\.iew and asses5ment span5 spatial scales from national to state to 
local level. 

Participants highlighted the need for research to focus on collecting more data from the limited number 
of sites that have a comprehensive data collection and analqsis effort in order to better understand the 
\,ariation in PM concentrations. The identit'ied research n e e d  applicable to the tran$portation community 
included: 

Gain better understanding of spatial, temporal and chemical \.ariation of PM emissions ~vithin and 
across classes of \,chicles. 

Develop strategies to identify ~tnd meawre high Phl emitting \,chicles. 

Update motor vehicle PM source chernistr> profile\ to account for changes i n  fuels. brake pads. nen, 
engine technologies. etc.. for both on-road and off-road \pehicles. and 

Gain a better understanding of the relationship between air toxics and PM emissions for transporta- 
tlon sources. 

Researchers also noted that broad interagenq coordination is needed across all of the affected communi- 
ty. a s n o  single source type (mobile. utilit>. industrial. and fugiti\,e) is likely to clominate the source con- 
tribution for any location. 

Critical Research Concerns 

Contribution of Off-Road Emissions and Other Combustion Sources: Al tho~~gh  both groups saw on- 
road mobile sources as significant contributors to the PM problem. off-road mobile source\ were seen as 
a contributor that could easily rival mobile wurce contribution and ha\.e a significant impact on the 
chemical variation of PM. Identifying the contribution of off-road mobile sources u.as therefore identi- 
fied as an important priority. 

Need linkages to EPA's New Supersites: Researchers believed that an opportunit!, exists to improve 
understanding of local transportation measure5 by collecting information such as \chicle counts. tleet 
mix. age distribution. and facility types during planned and ongoing studies. for at least some of the new 
EPA's PM Supersites. Collection and analysis of PM and transportation data at the PM Supersites should 
be undertaken with an awareness of transportation netn,orks to further the ~~nderstandin: of the ten~poral 
and spatial distribution of PM. 

Examination of the Speciation Network: The PM speciation network (just now in the early stage of 
data collection) should be examined or supplemented for a better understanding of transportation source 
contribution. In~provements might include a higher sampling frequency and an expanded list of corn- 
pounds for analysis. 
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Research Topic #1: Undertake a Critical Analysis of New PM2.5 and PMlo monitoring network. 
Both sessions identified examination of the monitoring network as a very useful way to better understand 
the spatial, temporal and chemical variation of PM across the nation and also locally. Currently. only a 
few areas across the country have an adequate database to describe temporal, chemical and spatial 
variations. Examination of the national network would include exploring both the mass and speciated- 
monitoring network in combination with key transportation data (VMT. facility type. fleet mix and age 
distribution) to determine the transportation related source contribution to the PM problem. 

Research Topic # 2: Gain a Better Understanding of Variations Among Emissions Within Classes 
as Well as Across Classes and Strategies to Tackle the High Emitters: Current research strongly sug- 
gests that 80 percent of the exhaust PM is emitted by 20 percent of the vehicles, either because of age or 
improperly functioning emission controls. Further research is needed on how to identify these high PM 
emitters. In addition. diesel-fueled vehicles are seen as significant contributors to exhaust PM: they typi- 
cally account for only 5 percent of the VMT, but more than half of the exhaust PM. However. the use of 
cleaner diesel-fueled vehicles introduced since 1993 has increased the PM exhaust contribution share 
from gasoline-fueled engines. Further research is needed to study PM emissions across vehicle classes. 

Research Topic # 3: Develop Better Estimates of all Vehicle Miles Traveled. Current estimates of 
total VMT contain a degree of uncertainty, particularly for arterials and even more so for local roadways. 
An incomplete assessment of VMT adversely affects the certainty in the PM emissions estimate. This 
uncertainty will have broad implications on any type of conformity analysis based on PM emission 
inventories. Furthermore, a lack of understanding of VMT by facility type affects the estimated spatial 
and temporal distribution of PM emissions. and as a result. may hamper the implementation of effective 
control strategies. 

Research Topic # 4: Update Motor Vehicle PM Source Chemistry Profiles for Changes in Fuels, 
Brake Pads, New Engine Technologies, etc. Much of the underlying basis for source contribution is 
based on PM source chemical profiles. However. much of the motor vehicle PM source profiles are sig- 
nificantly dated and in need of updating. Updating the PM source profiles is needed in particular for 
motor vehicles with new engine technologies as well as for brakes and tires. 

Understanding of Sources of PM 

The overall discussion focused on answering questions about the level of uncertainty associated with the 
contribution of transportation sources to primary and secondary PM. This included discussion of the 
characterization of PM by location and the spatial extent to which the PM monitoring sites can be con- 
sidered representative. 

Attendees noted the important gap between research efforts that have been conducted to date on PM 
emission factors and the emission factor models that are used for regulatory purposes. that have not been 
updated to reflect the results of this research. Thus, an important practical gap in improving the current 
emission factor models requires updating the current regulatory models with the latest information and 
also expanding their functionality. Conducting validation studies and improving the packaging for end 
users are other important needs to improve the use of these models. 

An overarching theme was the need to integrate the air quality planning with the transportation planning 
process. The two processes require frequent feedback both in the regulatory setting. and in expanding the 
understanding of local PM source contribution. 

- -- 

42 Strategic Workplan for Particulate Matter Research 



Critical Research Concerns 

Incorporating the Research into Modeling Tools: Both groups identified a number of studies that have 
been undertaken but whose results have not yet been incorporated into current emission models (PARTS. 
EMFAC7G). This lack of integration hinders some of the current planning efforts because the current 
tools are based on dated information. apply to limited situations and are not comprehensive. Further. the 
models need to be J~alidated for a broad range of settin24 (e.2..  paiwnent tlpes. silt loading. le\.els of 
VMT. humidity ). 

Continue to Improve the Understanding of Transportation Source Contribution: I t  is important to 
the transportation community to better understand its contribution to the PM problem because of the 
implication for infrastructure development (e.g.. new freeway construction or increases in VMT may 
lead to regional PM exceedance problems). To that end. methods and models need further development 
to improve the reliability of the source apportionment. 

Research Topic #1: Undertake Source Fingerprinting of Mobile Sources. Special studies are needed 
to develop more up-to-date source fingerprinting profiles for gasoline and diesel-fueled vehicles. This 
will increase the robustness of conclusions drawn about source contribution of transportation versus sta- 
tionary sources. Also. as part of the special studies. detailed data collection should be conducted to col- 
lect traffic information such as tleet mix. volume. age. fuel-type and speed. These data can be used in 
combination with mobile source modeling to corroborate source apportionment studiei based on PM 
monitoring. 

Research Topic #2: Collect Transportation Data in Connection with EPA's Supersites Monitoring 
Program. EPA's PM Supersites will soon be collecting a cornprehensi\re suite of data including PM size 
distribution. mass. number and composition. Supplemental transportation data (VMT. fleet mix. age. 
fuel-type. activity and speeds) should also be collected so that analyses can be performed to determine 
transportation related source contribution at these inten4ively monitored sites. Analysis of these supple- 
mental data will help in identifying the contribution from mobile sourcei and likely reduce the uncertain- 
ty in the source contribution. 

Research Topic #3: Develop Better Understanding of Secondary Aerosols: Mobile source NOx and 
VOC emissions may at times contribute significantly to nitrate and secondary organic aerosol formation. 
Photochen~ical models are used to simulate the complex nitrate and secondary organic aerosol formation 
process. Based on these simulations the most effecti\.e control strategy can be de\,eloped. Currently. 
some locations have knowledge about local sulfate and nitrate formation. but very little about secondary 
organic aerosols. which at times may be a significant contributor to PM, i. Research should be undertak- 
en to better understand secondary organic aerosol distribution in both time and space. The research 
should also include further study to impro\,e the understanding of the process leading to secondary 
organic aerosol formation from gas phase precursors. 

Research Topic #4: Improve the Understanding of the PM GasIDiesel Split: Much of the focus of 
primary PM emissions studies IS on diesel-fueled \'chicles. Hon,e\w. recent model \,ear diesel-fueled 
\rehicles have drastically reduced their base PM emission rate and contribute onl>. about 5 percent of the 
total VMT. Thus the fraction of gasoline to diesel contribution to PM is changing. and. with impending 
Tier I1 controls will continue to change. Research should focus both o n  the current gasldiesel PM split. 
and on the implications of future mandated changes and control technologies. 
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Improved PM Measurement Methods 

This session focused on identifying the current state of technology with respect to PM measurement 
methods and identifying those areas. that need further research and de\,elopment. The areas identified 
included: the missing semi-volatile mass in routine measurements. the temporal and chemical resolution 
in the acquisition of PM data. and procedures needed to as4~11-e a consistent approach to the measurement 
of ultrafine particles. 

Participants noted that transportation related parameter4 are frequently missing in PM study efforts. Both 
sessions identified the following overall gapslweaknesses in current work: 

Routine PM measurements are generally not helpful in understanding transportation related source 
contribution because the complex changes in source contribution mix over a 24-hour period. 

Semi-volatile aerosols are probably significant and are generally ~mderestimated with current meas- 
urement practices. 

PM Supersites need additional traffic-related meusurements. and 

Improved measurements methods and calibration for PM ultrafine particles are needed. 

Critical Research Concerns 

Limited Understanding from Routine PM Measurements: Although analysis of the current PMlo  
(and future fine PM, -. . study) network does provide information on overall trends. i t  does not pro\ride 
information about the source contribution or chemical characterization of the PM. Thus better under- 
standing of the composition of PM will come as a result of studies directed at the PM speciation net- 
work. the Supersites and through special studies. Currently. only the New York Supersite is focusing 
efforts in order to study the relationship between transportation and PM. 

Underestimation of Semi-Volatile Aerosols: Particles which are not measured as a result of deposition 
onto filters because of their volatile composition are probably significant at certain times and locations. 
Research methods need to be developed that can both quantify the underestimation and clarify when and 
where their contribution is significant. 

Portable Sampling Devices: Current methods for assessing site representativeness as well as for 
identifying maximum concentration use saturation monitoring techniques. These techniques only provide 
24-hour integrated concentrations. Research efforts are needed to develop methods that will give higher 
resolution (e.g., half-hourly or real-time) PM concentrations so that more definitive conclusions can be 
drawn about source contribution. These deiricej will need to be cost effective because of widespread 
deployment. 

Ultrafine Measurement Techniques: Some studies have identified the fact that traffic contributes to a 
significant increase of ultrafine PM in urban environments and that ultrafine particles are more effective 
at reducing pulmonary volume exchange than larger particles. As a result. ultrafine particles are of 
significant interest. However. for ultrafine particles less than 40 nm. calibration is a serious problem. 
Calibration is the critical next step. In addition. the necejsity for standardization in measurement 
approach is needed so that studies performed by different researchers may be compared. 
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Research Topic #1: Improve Measurement RIethod to Apportion PR.1 Contribution from Mobile 
Sources. There is a need for measurement methods to hetter apportion the PM contribution from mobile 
sources. particularly for diesel-fueled ~ehic les .  Special studies are needed to de\.elop more up-to-date 
source profiles for gasoline and diesel-fueled \,chicles. This n,ill increase the robustness of conclusions 
drawn about source contribution of transportation. Also. 11s part of  the special mdies .  detailed data col- 
lection ihould be conducted to collect traffic information wch a \  tleet mix. i olume. age and speed. 
These data can be used in combination nith mobile source modeling to corroborate source apportion- 
ment studies based on PM monitoring. 

Research Topic #2: Develop Techniques for Assessing Semi-Volatile PM: Currentl!. significant loss 
from semi-volatile material (e.g.. amnioni~~ni  nitrate. organic compounds) mu!. occur clue to filter arti- 
facts (gas adsorption and chemical reactions). This loss of semi-\.olatiles may be significant. accounting 
for upwards of 20 percent of the total PM,, - .  nlasi. A significant portion of the precursor senii-volatiles 
(NOx and VOC's) originate from combustion of gaioline and diesel fueled \,chicles. Research is needed 
to develop practical methods. n.hich can measure the lo\s of iemi-~olatile ~naterial during and after sam- 
pling. In addition. further work i i  needed to assess the positite artifact that ma! re+ult from adsorption of 
gaseous organic compo~~nds  on the filter medium. 

Research Topic #3: Supplement Targeted PRI Supersites for Traffic Related 3leasurements: 
Currently, PM Supersites are focused on PM measurements b!, identif!.ing source characterization (or 
characteri~ing sources) based on chemical mass balance. Additional meacurei 5hould be made to corrob- 
orate findings based on direct measurements of high resolution CO. NO and NO,. and traffic information 
such as fleet mix. volume. age and speed. Anallsis of thew si~pplemental data will help in identifying the 
contribution from mobile sources and likely reduce the uncertainty i n  the source contribution. 

Research Topic #4: Standardization and Calibration Techniques for Ultrafine Particles. I t  is likely 
that most of the exposure to ultrafine particles are from transportation related fuel co~nbustion. Current 
techniques for ultrafine measurements are n o t  con\istent in their approach (e .g. .  some techniques use 
dilution and some do not use dilution). The need for a standard approach is ;I necessity so that concentra- 
tions may be compared. In addition. to be able to compare different measurement techniques a calibra- 
tion or reference is needed. Current efforts in this area of  research are currentl\, in the formative stages. 

Emission Factors and PM Models 

The session focused on development of emission factors and emission in\,entories for PM emitted direct- 
ly from motor vehicles and gas-phase pollutants that form particles in the atmosplwe. Emphasis \!,as 
also placed on the development of method\ to better quantifq secondary particulate formation and 
improjrements to chemical mass balance models. 

Participants in the session noted that the current ~veaknesses in dexloping emission inventories n i l 1  
hamper emission inventory-based control itrategies (e.g.. conformit! ) because the emission budgets nmill 
change as impro\,ements to the inkentory occur. The key weaknesses and data gapi identified by the 
group include: 

High degree of uncertainty associated with exhaust emissions factors and emission in\.entories for all 
transportation sources. 

Poor estimates of re-entrained road dust. 
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Poor eqtimate of emissions for brake and tire Mzear. 

Limited tools and testing of models for secondary particulate formation. 

Critical Research Concerns 

Weakness in Emission Inventories: An accurate emission inventory is needed to assess control strate- 
gies and emission budgets for conformity. Unfortunately. the current emission injrentories have a very 
high degree of uncertainty. Historically. primary emphasis has been placed o n  receptor modeling to 
determine source contribution, that relies on accurate and comprehensive emission source profiles. which 
change with new technologies and new fuels. In addition. receptor models cannot be used to project 
future source contribution. In order to assess future-year control strategies and emission budgets for 
conformity. accurate emission inventories are needed. Areas of important research to the transportation 
community include: improvements to emissions factors for both the on-road and off-road emission 
sources across all engine technologies. engine size. fuel. real-time driving cycles, altitude. and ambient 
temperature. PM emissions should be identified by particle size. as well as chemical and gaseous compo- 
sition. especially for diesel-fueled engines. 

Re-entrained Road Dust: Current modeling methods used to estimate re-entrained road dust emissions 
both for P M l o  and PM7,5 are limited as to their range of functionality. They are based on a fairly limited 
data set of re-entrained road dust measurements and do not cover all conditions. lniprovements are need- 
ed for the range over which the models are truly applicable. 

Brake and Tire Wear Emissions: Emissions from brake and tire wear may be significant contributors to 
PM concentrations at roadway intersections or at freeway off-ramps. In addition. recent improvements in 
brakes and tire technology have led to smaller size PM and to changes in PM composition. A better 
understanding of the size and composition of today's tires and brakes is needed so that this information 
can be properly incorporated into emission inventories and modeling studies. 

Secondary Particulate Modeling: Mobile source NOx emissions may at times contribute significantly 
to nitrate aerosol formation. Photochemical models are used to simulate the complex nitrate formation 
process. Based on these simulations. the most effective control stratezy can be de\,eloped. Currently. a 
better understanding of the chemical and physical formation process is needed to improve reliability of 
existing models. In addition. the process leading to secondary organic aerosol formation from gas phase 
precursors is not well understood. 

Research Topic #I: Develop Improved Estimates of Direct PM Emission Rates from 
Transportation Sources. The session identified that direct PM emission factors are the most important 
research area associated with emissions inventories. The primary purpose for the research will be to 
improve all the factors that affect PM emission rates for mobile sources. Current factors used in EPA's 
PARTS model are out of date. Thus the first step in improving the inventory will be to improve the base 
emission factors for diesel and gasoline fired engines for a variety of conditions. including: 

Engine technology 

Engine condition (age) 

Driving cycle 
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Altitude 

Temperature 

In addition information for the PM en~ission rate should include the particle sire distribution and chemi- 
cal composition. The PM emission rates should be based on  "real-time" ~nonitoring of mobile source 
PM. Besides PM emission rates. emissions efforts should also be directed at de\,eloping refined estimates 
of mobile source alnmonia emissions because of ammonia's importance to secondary PM formation. 

Research Topic #2: Develop an Improved Model for Re-entrained Road Dust. Current approaches to 
the modeling of re-entrained road dust are limited as to their range of applicability. A \+.ider-range of 
"correction factors" are needed that characterire pa\.ed road sul-face conditions. including soil type. 
meteorology (wind speed. humidity. rainfall). traffic ~ o l u m e .  road surface. road treatment. and mainte- 
nance. Ideally. these corrections will be based on first principles. but a statistical approach may also be 
feasible. Further research is needed to develop a full range of "correction factors" applicable to all condi- 
tions observed nationwide for both PM2,T and PM,,,. 

Research Topic #3: Improve Understanding of Today's Emissions from Brake and Tires. EPA's cur- 
rent emission factor model (PART5) for tire and brake \\,ear is based on light-duty i.ehicles only and is 
also quite dated, not retlecting today's brake and tire n m r  compositional changes. The areas of further 
research for emission factor de\.elopment include: 

Expanded light-duty vehicle tejting a\ well as heav! -. rnedlum-dutj \ ehicle te\ting. 

Temperature effects on brake and tire I+ ear. 

Equipment variations (e.g.. disc brakes, studded tires). and 

Chemical conlposition and size distribution charactenration. 

Research Topic #4: Develop Improved Secondary P l I  Models. Currently. the relative contribution 
0 ise5 from transportation sources to secondary PM is poorly knon.n. In man), instances it is likely that ,;. 

from mobile sources are major contributors to secondar!, PM. which in turn ma), be a significant portion 
of the total PM inventory. Research is needed to reduce the Ie\t=l of uncertaintj, in determining source 
contribution and hence provide useful control strategy information. Along ~vi th continued improvement 
in the emission inventory. the areas that need further research for PM modeling include: 

Impro\red understanding of the growth in particle formation. starting n.ith smallest size particles 
(nanometers) to accumi~lation mode sixe particles and their incorporation into a PM model, 

A highly detailed accounting of the physical and chctnical processes leading to fine PM formation. 

High time resolution information on particle size and chemically speciated sampling, and 

Impro\,ed modeling and computational software - Modeling is constrained by typicallj. available 
computational resources. Future modeling systems should be evaluated against future high resolution 
data. and be built flexibly enough to allow for use nou. but a lw for eas). scaling to higher resolution 
or sophistication as computational resources impro\ e. 
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Control Strategies for Transportation-Related PM 

These sessions focused on 1 )  developing a better understanding of impacts of existing control strategies. 
2) undertaking a critical evaluation of the accuracy of emission estimates. and 3) examining those future 
control strategies most likely to be needed at the federal. state. and local levels. 

Participants highlighted the relative lack of knowledge about other PM-related issues as a challenge to 
conducting research on control strategies. Weaknesses highlighted by participants included: 

Lack of understanding about secondary versus primary PM. 

Inaccuracies in the mobile source PM in\,entory. 

Geographic diversity of PM problems. and 

Weaknesses in travel and emissions models and data inputs used to evaluate controls. 

These concerns led participants in both sessions to place a priority on conducting research in other 
research areas that may provide relevant information on control strategies. 

Critical Research Concerns 

Coordination Among Partners: The morning group participants. in particular. suggested that while 
FHWA has a different set of concerns from the traditional research conmunit].. FHWA must look for 
partners in research. Members of both groups expressed surprise about the existence of the NCHRP proj- 
ect presented at the introduction session. and concern that this research initiati\.e was not more widely 
known. Clearly, coordination must be strengthened across the research community. 

Weaknesses in Travel ModelsITravel Data: The afternoon froup discussed interactions between travel 
models and emission models. and concluded that there are weaknesses in the ability to gather necessary 
travel data (e.g. truck classes. VMT by category. etc.) for purposes of modeling PM emissions from 
transportation sector. MPO representatives talked about the limited applicability of travel models to ana- 
lyzing PM issues. The group indicated that research into better data collection. improved travel models. 
and stronger interfaces with emissions models are all needed. 

Weaknesses in Emissions Models: Basic weaknesses in models and data inputs make accurate estimates 
of control strategy effectiveness difficult. Particularly. failure to account for factors such as ammonia 
from catalyst-equipped vehicles. 

Control Strategy Categorization: The a.m. group suggested that there are a number of alternative ways 
to categorize transportation related control strategies: I )  by implementation le\,el. i.e, federal. state. or 
local: 2) by behavioral changes - e.g.. car pooling. spare the air days: or 3 )  by type. e.g. engine technol- 
ogy and inspection programs. fuels. There was a divergence of opinion about which types of control 
strategies should be pursued. 

Research Topic #1: Review of Existing Control Strategy Impacts. Both session participants agreed 
that a valuable starting point for future research is a comprehensive review of PM control strategy reduc- 
tions that are achievable with existing PM regulations. 
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The purpose of such a review should be to determine. to the extent possible. whether existing control 
strategies can achieve reductions likely to be required under current and future standards. and if not. to 
provide an assessment of the extent of the "gap" that must be filled. Control strategies suggested for 
inclusion in this re\,iew included: 

Low sulfur diesel. 

Recent (1994 on) transit ~ L I S  regulations. 

Heavy duty vehicle NOx/PM mndards, 

Tier 11 standards for light duty vehicles (diesel and gasoline). and 

Off-road engine controls - locomotives. marine. and others. 

Research Topic #2: Critical Assessment of Accuracy in Control Strategy Estimates. Both the a.m. 
and p.m. groups raised concerns about the accurac!. of existing control strateg! reduction estimates and 
agreed that a critical assessment of the validity of control strategy reduction estimates is needed. The 
p.m. group discussed some of the reasons for b,eakness in the current estimates. The focus of this discus- 
sion was on: 

Inaccurate data on travel. particularl!. for trucks. that limits accuracj. of modeling. 

Lack of knowledge about secondary PM. and 

A poor understanding of in-use deterioration rates. 

Research Topic #3: Identify and Examine Key Control Strategies hIost Likely to be Required (e.g., 
Inspection & Maintenance & On-Board Diagnostics, After Engine Treatment Technologies, and 
Fuels). The morning group suggested that g i \ w  current uncertainties in our understanding of PM. con- 
trol strategy research should be directed to those control strategies that are most likelj to be required. 
General consensus among both morning and afternoon groups %,as that I/M & OBD are both strong can- 
didates for such research. As members of the afternoon group observed. emission control equipment may 
experience significant deterioration in actual \.chicle use. and I/M or OBD would help address that con- 
cern. Other potential research topics include after treatment technologies. and fuels. reformulated gas. 
pricing & market strategies. conformity. and freight related "TDM" style measures. 

Research Topic #4: Improve Trayel and Emissions Models. The afternoon group discussed at length 
the inadequacies in existing niodels used to e~xlua te  control strategies and develop inventories. The data 
underlying these models are often of poor quality - with inadequate or inaccurate information about 
vehicle mix, etc. In addition. the design of the models is not sophisticated enough to address issues such 
as secondary PM formation. 

Research Topic #5: Interactions Across Pollutant Control Strategies. The afternoon group indicated 
that controls on KOx and VOC might have antagonistic effects. For example ammonia from catalyst 
equipped vehicles may increase PM problems. but relati\ely little scrutiny of this issue has occurred to 
date. 

-- 
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COMMENT CARD 
STRATEGIC WORKPLAN FOR PARTICULATE MATTER RESEARCH 2000 - 2004 

Overview: FHWA would appreciate your feedback o n  the Strrttcgic, IVorkpltrtl ji)r Ptrrric,irlntr Mrirrer. Resecirch 2000 - 
2004. Please take a few minutes to respond to this e \  aluation to help us continuall! impso\ e our research products and 
progranl. Your responses will be ~ i sed  to assess the usefulness of this report and to shape our future research efforts. 
This report proLides an o\er\,iew of the state of I\nowledge regarding particulate matter (PM).  discusses k e  policy 
issues related to transportation. and identifies fi\ e focus areas for f u t ~ ~ r e  research regarding Phl and transportation. 

Please respond to each statement using a rating scalc of 1-5 as follou s: 
1 = I strongly disagree with thii statement 
2 = I disagree with this statement 
3 = I neither agree or disagree with this statement 
4 = I agree with this statement 
5 = I strongly agree with this statement 

This workplan provides useful information on the state ot'knowledge re: particulate matter and recommended prior- 
ities for future research. 

0 1 0 2 0 3 C] 4 0 5 

'"loll. Particulate matter pollution is a concern in my Statelr~, '  

This workplan explains clearly what particulate matter is and what the gaps in understanding are about PM and 
transportation. 

0 1 0 2 0 3 0 4 J 5 

This u,orkplan describes the implications to transportation of particulate matter regulations in terms that I under- 
stand and that make sense to me. 

0 1 0 2 0 3 0 4 C 5 

The information and discussion about each research focus area pro\ ides a sound justification for making research 
in that area a priority for the transportation community. 

0 1 0 2 0 3 3 4 0 5 

I support the research recommendat~ons in this worhplan. 

0 1 0 2 0 3 3 4 0 5 

The research recommendations in this report will affect what research is conducted by m! organi~at ion.  or conduct- 
ed by others in my regiontstate. 

I preter to access documents such as t h ~ s  

0 electronic all^ 0 hard cop! 0 both electron~c~ll!  m d  hard cop! 

I used the electronic iersion of this report in the i'ollou,ing manner: (check all that apply) 

3 downloaded the report 0 read rele\,ant sections 011-line 0 read/skimmed the document on-line 

What are the strengths and weaknesses of this \vorkplan'? 

Report Number: FHWA-EP-01-029 



11 .  What comments do you have about the research priorities and strategies as presented in this workplan? 

12. Additional comments or suggestions for future reports: 

13. What is your affiliation'? 

a. Organization: Federal agency State agency MPO other public agency 

private company non-profit organization 

b. Profession: transportation environment research 0 other 

PLEASE SEND THIS EVALUATION TO: Kevin Black. either by fax. 202-366-3409 or mail. FHWA, HEPN-10. 
Room 3240, 400 7th St. SW. Washington, DC 20590 

FOLD HER1 

...... 
FOLD HERE 

9LPS-LLOOZ 3a NOIDNIHSVM 
OPZE WOOU M S  133UlS H lL  OOP 

OL-Nd3H Y3V19 NIA3Y 
NOllVUlSINIWaV AVMHDIH lVU3a33 

NOllVlUOdSNVUl JO lN3WlUVd3a Sn 

-- -- 
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Strategic Workplan for Particulate Matter Research: 2000 to 2004 
OMB Control No. 2125-0590 

This collection of information is voluntary and replies will be confidential. The information will 
be used to determine our customers' satisfaction with our service and to assist the FHWA in 
evaluating service delivery and processes. It takes approximately an average of three minutes to 
complete this survey. Please note that an agency may not conduct or sponsor. and a person is not 
required to respond to, a collection of information unless it displays a currently valid OMB 
control number. The OMB control number for this collection is 21 25-0590, which expires on 
February 28, 2005. 
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